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FOREWORD OF THE EDITORS

Maria João Valente
Universidade do Algarve
CEAACP – Centro de Estudos de Arqueologia, Artes e Ciências do Património
mvalente@ualg.pt

Cleia Detry
UNIARQ - Centro da Arqueologia da Universidade de Lisboa, Faculdade de Letras da Universidade de Lisboa
cdetry@letras.ulisboa.pt

Cláudia Costa
Universidade do Algarve
ICArEHB – Interdisciplinary Center of Archaeology and Evolution of Human Behaviour
cmcosta@ualg.pt

In recent decades, there have been great developments in the study of past human-animal interactions, 
clearly demonstrated by the influx of researchers to the Meeting of Iberian Zooarchaeology (EZI, or 
Encontro de Zooarqueologia Ibérica), held April 2017 in Faro, Portugal. Its organisation was a joint effort 
of three Portuguese Research & Development Units in Archaeology – CEAACP1, ICArEHB2 and UNIARQ3 – 
and was hosted by the University of Algarve. This volume, entitled New Trends in Iberian Zooarchaeology, 
is the final product of that meeting.

One of the highlights of EZI 2017 was the closing keynote given by Arturo Morales, Full Professor 
at the Universidad Autónoma de Madrid, and a researcher with vast experience. That keynote serves 
as the basis for the first text of this volume. Here, Morales leads the reader on a brief yet motivating 
chronological journey through the development of zooarchaeology as a discipline in the Iberian 
Peninsula from 1975 to the present day, following his personal experiences in the field.

After this introduction, the articles begin with a set dedicated to prehistory. Naroa Garcia-
Ibaibarriaga and colleagues summarise what is known for the Praileaitz I, a cave located in the Basque 
Country, throughout the Solutrean to the Epipaleolithic sequence. Esteban Álvarez-Fernández and 
colleagues review zooarchaeological materials (both molluscs and vertebrates) from an intervention 
carried out in the 1930s at Cova del Solà del Pep and give us a glimpse into the final phase of the 
Mesolithic period in Catalonia. The paper presented by Nelson Almeida and colleagues focus on two 
cave assemblages located in central Portugal dominated by leporid remains. Their article explores 
the possibility that such remains were accumulated by non-anthropogenic agents, namely carnivores, 
despite the well-documented human occupations in the caves. Carlos Pimenta and colleagues analyse 
the small vertebrates from the Chalcolithic site of Penedo do Lexim, located in Portuguese Estremadura. 
Using the Habitat Weighting Method, and comparing its results with other Chalcolithic sites in the region, 
they were able to identify the coexistence of two bioclimatic domains (Atlantic and Mediterranean). 

1. Universidade do Algarve; CEAACP – Centro de Estudos de Arqueologia, Artes e Ciências do Património.
2. ICArEHB – Interdisciplinary Center of Archaeology and Evolution of Human Behaviour.
3. UNIARQ – Centro de Arqueologia da Universidade de Lisboa.
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Finally, Rafael Martínez Sánchez and Dolores Ruiz Lara present the study of fauna recovered in two 
ditches at La Minilla (Córdoba) during the Middle-Late Copper Age. These materials show features 
indicative of possible “banquets” (i.e., collective consumption during a festive occasion).

Next, we explore protohistory, starting with Íris Dias and colleagues describing fauna from the 
Late Bronze Age of Outeiro do Circo in South interior Portugal. The assemblage is dominated by domestic 
animals and hunting seems to have been a minor activity. Rafael Bolado and colleagues present the 
zooarchaeological results of El Ostrero, a shell midden located in Cantabria and dated between the 
eighth and fourth century BC. In addition to cattle, pigs, sheep and goats, they recorded the abundance 
of oysters collected in an estuary. 

Ana Beatriz Santos and Nuno Mota describe a small assemblage dating from the first and second 
centuries AD in downtown Lisbon, an area with few zooarchaeological studies from the Roman period. 
Domestic animals such as cattle, caprine and swine dominate the collection, in addition to a significant 
presence of red deer which, together with leporids, is indicative of wild game in the Roman Olisipo. 
From the North of Portugal, Vera Pereira and colleagues describe a faunal assemblage from Torre 
Velha (Castro das Avelãs), near Bragança, in the Roman province of Gallaecia, a region with few known 
faunal data so far. This is the territory of the Zoelas, and the materials date from the first and second 
centuries AD, the first phase of Roman occupation. Livestock is abundant, but hunted game is also 
present (leporids, red deer and red partridge). Thierry Argant describes more than two thousand faunal 
remains, most from unclassified mammals, from another Portuguese site also in Northern Portugal: Vale 
do Mouro (Meda). The fauna comes from the last phases of occupation of a Roman villa in the fourth 
century AD. The identified fauna is quite diverse, both domestic and wild. The author suggests that 
some animals, such as cattle, were obtained through a network with other local settlements.

For the Medieval period, Patrícia Aleixo and colleagues present a classic study on materials 
collected in an intervention carried out in the city of Loulé (Southern Portugal) with Almohad chronology. 
The faunal assemblage is unusual for the area and period, displaying a large number of red deer and 
rabbit remains. The authors suggest the deposits may result, at least partially, from unusual (perhaps 
festive) meals. Idoia Grau and colleagues studied an unusual assemblage from Vitoria-Gasteiz (province 
of Álava, Basque Country, Spain), dated from the 13th and 14th centuries. It mainly consisted of sheep 
and goat horncores for manufacturing handles or other objects at an iron-working workshop.

The last two articles concern methodological issues. Esteban García-Viñas and colleagues write of 
their experience of immersing modern bones in seawater to study the taphonomic processes (erosion 
and chemical change) in the fauna collected in two shipwrecks dated from the 16th and 17th centuries 
and located in the Bay of Cádiz. 

In all, this volume shows the diversity of themes in Iberian zooarchaeology, one of the greatest 
values of the EZI conferences. We hope it will be a valuable contribution to the knowledge of 
zooarchaeology in the Iberia Peninsula.

Maria João Valente
Cleia Detry

Claúdia Costa

Loulé, Lisbon and Faro, September of 2022
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1. General photo of the participants at EZI 2017; 2. Opening session (April 26th); 3. Opening keynote (April 26th) by Marta Moreno 
García; 4. General view of the participants during the oral presentations; 5. Official reception at the cloister of the Convent of Our 
Lady of the Assumption in Faro, offered by the Municipal Museum of Faro; 6. Researchers having a good time at the reception; 
7. General view of the posters presented at EZI 2017: 8. The Organizing Commission addressing the participants.
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9. One of the coffee-breaks (28th April); 10. Closing keynote (28th April) by Arturo Morales Muñiz; 11. Official dinner at the Market of 
Loulé (28th April), offered by the Municipality of Loulé; 12. Another view of the official dinner; 13. Photo of the EZI 2017 participants 
(Campus of Gambelas, University of Algarve, Faro).
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THE DEVELOPMENT OF IBERIAN ARCHAEOZOOLOGY: 
REFLECTIONS UPON A PERSONAL TRAJECTORY

Arturo Morales Muñiz
Laboratorio de Arqueozoologia, Universidad Autónoma de Madrid
arturo.morales@uam.es

Abstract
The study of faunas from Iberian archaeological sites has been an erratic process that, starting in the mid-nineteenth century 
witnessed repeated periods of development and neglect. This lasted until the last decades of the 20th century when it definitively 
entered a prolonged trajectory of expansion in both Spain and slightly later in Portugal. The author, who started work in the 1970s, 
reviews some of the landmarks of these developments from his personal standpoint and, despite all the problems that still plague 
research on this field, feels that the best of Iberian archaeozoology is yet to come.

Keywords
Archaeozoology, Portugal, Spain, History, Theoretical Frame, Methods

The beginning

It is often said that the natural sciences do not rank high amongst the research priorities of Iberian scholars. 
As with so many other instances, this is just another topic about Spanish and Portuguese societies put 
forward nobody knows well why. A very different issue is that, traditionally, the efforts of so many natural 
scientists, as was the case of those who discovered the faunas and floras at the time of the European 
colonial expansion, were seldom acknowledged in their societies or by mainstream Western science.

Archaeozoology constitutes a paradigmatic case in point. As a scientific discipline, Archaeozoology 
originated as developments taking place in Denmark in the mid-19th century that led to the creation of 
the shellmidden (Køkkenmøden) committees the first one of which saw light in 1848. These matters, as 
the relevance of Rütimeyer’s 1862 study on the faunas from the Swiss lakeside dwellings, are discussed 
at length elsewhere. Yet, what not so many people know is that about that time (i.e. 1865), Francisco 
Antonio Pereira da Costa was arguing for the recent age of the Muge shellmiddens on account of the 
faunas therein retrieved belonging to animals that exist today. The same line of argument was used 
in 1879 by Marcelino Sanz de Sautuola, discoverer of Altamira, to defend the antiquity of the animal 
representations in that cave against the established scientific dogma of the time. In 1887, Sebastião 
Estacio da Veiga put forward the hypothesis of a local Iberian animal domestication process arguing 
on osteological similarities among archaeological specimens and modern Portuguese breeds of cattle. 
Still, it is to Carlos Ribeiro and Nery Delgado who described the faunas from Leceia (1878) and Furninha 
(Peniche) (1884) that the title of promotors for the application of natural science to Iberian archaeology 
must surely go in this incipient stage of the archaeozoological researches.

These samples suffice to illustrate that, already by the time the discipline was born Iberian 
archaeozoological research was at the forefront of archaeological debate. What happened afterwards? 
Why were archaeozoological studies essentially neglected after the early 19th century only to 'resurrect' 

MORALES MUÑIZ, Arturo (2022) - The Development of Iberian Archaeozoology: Reflections upon a personal trajectory. In Valente, Maria João, Detry, Cleia, Costa, 
Cláudia (eds.), New TreNds iN iberiaN Zooarchaeology. Estudos & Memórias 19. Lisboa: UNIARQ - Centro de Arqueologia da Universidade de Lisboa, p. 9-18. 
https://doi.org/10.51427/10451/54939
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in the 1960s, often at the hands of foreign scholars? As one may suspect, there are no easy answers to 
these questions, the contingencies emerging in Portugal being different from those taking place in Spain. 
In the case of archaeology, in fact, these problems have been discussed at length elsewhere (e.g. see 
Ayarzagüena 2002a,b,c; Maier 1999, 2003; Maier and Martinez Peñarroya 2001; Salavert Fabiani et al. 2003).

One general problem, perhaps more pressing in Spain than in Portugal, was the socio-political 
unrest that, all throughout the 19th century and well into the early 20th century, forced societies to 
focus on mundane matters to the detriment of science, in particular the non-applied sciences. But an 
equally crucial issue were the progressively diverging interests that developed between the 'strict' 
(i.e. cultural) prehistorians, of which cave art analysts were the icon, and the natural science scholars 
embodied by paleontologists. Partly due to their different modus operandi, but also because of the 
contrasting phenomenological scope and aims of their respective fields, in Spain at least, this divorce 
ended traumatically.

The trigger was a confrontation in the late 1910s between the paleontologists and prehistorians 
of the Comisión de Investigaciones Paleontológicas y Prehistóricas on account of an apparently trivial 
issue as was the interpretation of the Spanish Levant Rock art. After it, both groups split apart, the 
paleontologists, led by the Marqués de Cerralbo and Eduardo Hernández Pacheco, moving to the 
Natural History Museum and the 'humanists', led by L’Abbaye Breuil, remaining at the Universidad 
Central of Madrid where they created the Historia Primitiva del Hombre seminar whose professorship 
was awarded to Hugo Obermaier in 1922. This divorce fostered a weakening of Spanish anthropology 
that was responsible for its artificial division into disconnected biological and cultural branches that 
reached to all Spanish sectors of prehistoric science. Indeed, it was only in the mid-1980s that the 
researches in the Atapuerca cave complex brought back Spanish prehistoric anthropology into  the 
realm of the natural sciences and reintroduced the field into the historical currents of the day.

This artificial split of anthropological prehistory into biological and cultural spheres consolidated 
by events following the Spanish Civil War (1936-1939). One of the most damaging aspects for 
anthropological science was the attack that, for reasons outside science, the theory of Evolution, one 
of the theoretical pillars sustaining Paleolithic studies, suffered. Since by that time the natural sciences 
had essentially stepped out of the human origins debate, it was the prehistorians who suffered most 
one major drawback being the neglect to incorporate evolutionary studies in university curricula dealing 
with Prehistory. This also explains why, when faunal remains became worthy of attention again, analyses 
were carried under the prism of strict paleontological principles whether the study was carried out 
by paleontologists (Crusafont andd Thomas 1950), prehistorians (Bataller 1952, 1953) or veterinarians 
(Martín-Roldán 1959). In all cases, chrono-cultural adscriptions notwithstanding, analyses remained at 
a descriptive level, and when details were provided, these involved osteological aspects, never cultural 
implications. Until well into the 1960s prehistoric science, and by extension archaeozoology, was linked 
to a peculiar brand of cultural historicism that was not apparently conscious that, to maintain its strictly 
positivist approach, was in need of analytical studies that sustained the empiricism required by its 
theoretical propositions. These faunal studies very often faltered from the handicap of doing research 
without appropriate reference collections, a handicap that, in one way or the other, has lasted until very 
recent times in the two countries.

The 1960s and 1970s

At the beginning of the 1960s, despite the inertia of the system, the situation was ripe for change 
(Morales Muñiz 2002; Morales Muñiz and Peña Chocarro forthcoming). Due, amongst others, to an 
exponential increase in the number of sites excavated and despite a systematic discard and neglect, 
animal remains kept on piling up on the shelves of warehouses of museums and university departments. 
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Some scholars had already grasped the value of faunas as proxies for climatic change, as was the 
case of aridity crises (Arribas 1964). The two institutions that started to consider these materials as 
worthy of study were the Servicio de Investigación Prehistórica from Valencia (SIP) and the Sociedad de 
Ciencias Aranzadi from San Sebastián. Both centers gathered in the early 1960s research groups that 
incorporated animal remain specialists, the SIP centering upon the most recent stages of prehistory 
whereas the Basques focused on the Paleolithic. A substantial number of Basque sites appeared in 
caves featuring occupations by things such as nesting/roosting bird colonies and hibernating bears, 
where animal remains constituted the bulk of the excavated items. Add to it that speleology was a 
popular field in the region and it is no wonder that an interdisciplinary feedback among scholars rapidly 
ensued, fostering a resurgence of biological anthropology in this corner of the Cantabrian region. It is 
in this 'academic ecosystem' that one needs to frame the deep respect and understanding for animal 
remains and the leading role paleontologists played. Among the latter, the most prominent figure was 
Jesús Altuna whom for many years headed the Prehistoric section of the Aranzadi Society and whose 
initial works, in particular his PhD published in 1972 in the Society’s Journal (Munibe), became a seminal 
contribution for the incipient archaeozoological science then emerging in Iberia. As was the case with 
the aforementioned papers on archaeological faunas, most of Altuna’s contributions were devoid of 
cultural implications, with attention placed on things such as identification and biometry. The exception 
and the paper one may consider a landmark study for Iberian archaeozoology was the report one on the 
Iron Age faunas from the 'Castro' (hillfort) of Peñas de Oro (Altuna 1965). It was here that domesticated 
animals came to the forefront of research from a paleocultural standpoint and not just as osteological 
items. The paleontologist tradition has kept on being a signature of Basque archaeozoology to this day 
(witness the contributions of scholars such as Pedro Maria Castaños), and one that often required the 
concourse of foreign scholars, in particular the French.

The 1960s bear witness to instrumental developments in the prehistoric sciences, two of 
which were of particular relevance for Iberian archaeozoology. The traditional historic-cultural frame, 
which Iberian archaeology also endorsed, had been one where stylistic as opposed to functional or 
technological attributes of artifacts best described the essence of both culture and human cultural 
behavior. The focus of analysis laid upon things such as ceramics and tools, the so-called ecofacts 
either being neglected or else considered anecdotic. In the early 1960s this traditional approach to 
archaeology, in which the creation of cultures depended on the recognition of archaeological types 
(sensu Gordon Childe) according to the attributes of those artifacts, became questioned in the Anglo-
Saxon world and gave rise to the so-called processualist approach. Within that current, analytical 
procedures became integrated into a Middle Range Theory, aimed at replacing normativist approaches 
by scientifically testable procedures addressing invariable elements of culture (e.g. diet) or quantifiable 
items in their defect. Middle Range Theory constituted a methodological revolution that, in the case of 
archaeozoology, stressed the need to address animal remain studies as an integral part of the effort to 
decode the archaeological record.

The second crucial, and far more localized, development for Iberian archaeozoology was the 
involvement, after almost half a century of exclusion, of foreign scholars, the two major groups being the 
Americans and the Germans. American prehistorians focused on the Paleolithic. They studied classical 
Middle Pleistocene sites from North Central Spain such as Ambrona and Torralba (province Soria) yet 
concentrated on the Upper Paleolithic sites of the central Cantabrian region (provinces of Asturias and 
Santander). These scholars were exponents of the English-speaking way of doing archaeology, in which 
issues, rather than data, framed aims and research strategies. Aims laid on phenomena having to do 
with subsistence strategies, but also mobility, social complexity, seasonality, and the symbolic sphere. 
The emphasis on faunas in Paleolithic studies was no major depart from the existing paleontological 
tradition carried out by people such as J. Altuna. Indeed, in a way, the Americans came to complete in 
the central sector of the Cantabrian region the work the Basques had started on the eastern sector. 
Partly because of this, the research efforts of American archaeozoologists in the Cantabrian region had 



12

The Development of Iberian Archaeozoology: Reflections upon a personal trajectoryArturo MorAles Muñiz

a comparatively restricted repercussion on later developments in the area. With independence of their 
valuable theoretical approaches to issues, by centering on wild faunas reasonably well documented 
by that time, they could not properly address many of the culturally challenging questions beyond 
the domain of subsistence. Paleolithic archaeologists ('prehistorians') had been traditionally at the 
forefront of archaeological debate in Iberia, thus fully aware of the importance animal remains had 
for their research. From a methodological standpoint, probably the major contribution American 
archaeologists left was to introduce taphonomy, including site-formation processes, into the routines 
of faunal analysis and data interpretation. It took almost two more decades for this kind of research to 
become firmly established itself in archaeozoology also because it was at the end of the millennium that 
archaeozoologists shifted en masse from the laboratory bench to the excavation.

The contribution of the Germans to Iberian archaeozoology was a quantitatively and qualitatively 
different affair. German archaeozoologists were part of a broader institutional initiative to study 
biological (animal and plant) remains that, in even larger numbers, were being collected by members of 
the German Archaeological Institutes from Lisbon and Madrid. Led by Joachim Boessneck and Angela 
von den Driesch from Munich University’s Institut für Paläoanatomie, Domestikationsforschung und 
Geschichte der Tiermedizin, their involvement was not one set at the level of individuals or projects. 
This explains why, among other things, this involvement lasted for almost two decades and why a 
monographic series (i.e. Studien über frühe Tierknochenfunde von der Iberischen Halbinsel) became 
implemented to disseminate their research among the Iberian community of archaeologists (Morales 
Muñiz and Peña Chocarro forthcoming) .

Equally significant, the German archaeozoologists centered upon faunas from Iberian regions 
(Portugal and Southern Spain) and periods (the latter stages of prehistory and early historic times) 
traditionally neglected in animal remains studies who harbored an incredible potential in terms of 
cultural developments (e.g. Neolithic Revolution, emergence of complex societies, etc.etc.). From the 
standpoint of fauna, such temporal and spatial shift implied a move from wild to domestic animals that, 
in due time, these scholars broadened to include barely documented groups such as fishes. 

Given their veterinarian background, the German archaeozoologists were in a way 'pre-adapted' 
to deal with domestic faunas and issues such a stockbreeding practices, breed development and 
the like. However, although their rigorous research protocols included systematic measurement of 
bones, estimation of age, sex and withers’ height or the recording of bone pathologies, they had scant 
acquaintance with taphonomical issues and very often refrained from proceeding beyond data proper. 
Obviously, this was far from a monolithic stance, and people such as Hans Peter Uerpmann were quite 
happy to address cultural matters (Uerpmann 1995). Still, the author recalls J. Boessneck screaming: 
'Let archaeologists do the theories, as that is none of our business!'. Such prospect on archaeozoological 
studies stood firmly anchored in German veterinary tradition as well as in that of many central European 
schools of archaeozoology in the 1960s and 1970s. But an oft overlooked constraint is that, just as has 
been the case with Iberian archaeozoologists until recent times, the Germans never took part on the 
excavations. They only studied on the lab bone collections excavated years before thus were lacking 
many of the crucial data any analyst needs to reach adequate interpretations.

When viewed in perspective, the most relevant contribution the German scholars made to Iberian 
AZ was to highlight to Iberian archaeologists the many issues faunal remains could help them address. 
Although they did start the move to have animal bones studied rather than discarded, their influence 
on Iberian archaeozoologists proper was surprisingly scant. Partly one could understand this by their 
tendency to publish in German, but the much too positivist approach they often conveyed in their faunal 
reports was probably a far more important phenomenon to explain this.  I recall myself warning A. 
von den Driesch in the mid-1980s about the risks of not doing their theoretical homework, lest others 
take over without paying adequate attention to the limitations of the data. These warnings proved 
prophetical (Harrison and Moreno 1984; Llull 1984; Risch and Ferré 1987) and led to a reply on my part 
that was grossly misinterpreted (Morales 1990 a, b).



13

NEW TRENDS IN IBERIAN ZOOARCHAEOLOGY

The early 1970s was the time when I started my PhD on Iberian faunas. I carried out a substantial 
part of that research at the Zoological Museum of the University of Copenhagen (ZMK) where I 
was fortunate to collaborate with an extraordinary group of people. The Scandinavian school of 
archaeozoologists combined the rigor for method and good data of the central European tradition but 
were mostly natural scientists (i.e. paleontologists, botanists, zoologists and geologists) with a broader 
view on animal matters. Due to their close cooperation with the archaeologists, they routinely took part 
in excavations and often led excavations on their own. Fully aware of the importance of taphonomy, 
they were also willing to address cultural issues and interpret faunal data within sound environmental 
and cultural frames of reference. In a way, one may say they shared the best from the two ways of 
addressing bone remains, namely through induction (essentially the positivist view) and through the 
hypothetico-deductive method. As of this writing, I fear that Iberian archaeozoology has not quite 
reached such a level of multidisciplinar integration. 

The 1980s and 1990s

At the start of the 1980s, in terms of archaeozoological research, things started to change in Iberia, or 
perhaps I should rather say in Spain, for Portugal still had to wait until the end of the century to witness 
the emergence of its archaeozoological school. 

I could not honestly point a single reason to explain this almost two decades lag between Spain 
and Portugal yet several come to mind. When I first visited Munich in 1975, J. Boessneck and A. von 
den Driesch informed me that their aim was to quit working with Iberian faunal collections as soon as 
they could and to instruct Spanish and Portuguese students do the work. The ensuing monumental 
monograph on the faunas from Zambujal (Driesch and Boessneck 1976) made a lasting impression in 
Portuguese archaeologists and one felt confident that a local archaeozoological resurgence would soon 
develop. But this was not the case. Why the move was far more successful in Spain, as said, remains 
unbeknownst to me. So let us try a small exercise of 'archaeozoology-fiction'.

The input that the Atapuerca cave complex developments in the early 1980s fostered in terms of 
interest in faunal remains in Spain was barely felt in Portugal. Equally crucial, as in so many historical 
processes, apparently minor contingent events, may have played an instrumental role one could not 
foresee at the time. One such contingencies might have been the establishment of the Laboratorio de 
Arqueozoologia at the Universidad Autónoma de Madrid (LAZ-UAM) in the early 1980s. From its very 
beginning, the efforts of the LAZ-UAM were as much devoted to foster collaboration with archaeological 
research groups as they were to develop specific lines of analysis that implied the training researchers to 
specialize in groups. This was the case of birds (Francisco Hernández), fishes (Eufrasia Roselló), mollusks 
(Ruth Moreno) or mites (José Luis Sanz), enlarging the scope of the research the laboratory could address. 

Perhaps for these reasons, but perhaps for others I cannot imagine, fact remains that the 1980s 
bear witness to a burst of Spanish archaeozoologists associated not so much with traditional institutions 
as with university departments. Although some archaeologists kept on sending “their” bones to foreign 
analysts, just as was the case at LAZ-UAM, the move was one to place Iberian specialists on the “scene 
of the crime”. Instructors started to recruit students to study the collections retrieved where they 
excavated. The move was as much a result of a growing awareness of faunal possibilities as a result 
of a secular problem plaguing Iberian archaeology to this day, namely lack of adequate funding. My 
experience on this issue is worth noting. Since the late 1970s, following on the footsteps of J. Altuna 
and the Germans, I became deeply involved in fostering collaboration with archaeologists attending 
meetings, making presentations, delivering conferences, and similar affairs of academic life. As a result, 
many archaeologists started to send bone samples to the LAZ-UAM. These collections were, for the 
most part, of very restricted value due to their small size, deficient retrieval by hand, etc. In addition, 
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for reasons unbeknownst, most researchers were reluctant to provide us with the crucial data that allow 
one to make a meaningful report and only did so after insistent demand on our part. I well remember the 
days when my Danish colleagues expressed concern that I was wasting the best years of my academic 
career studying faunal collections that were, according to them (sic.) 'scrap'. I also recall replying to them 
that, at that stage, the crucial issue was not so much one of generating valuable databases as it was to 
have Spanish archaeologists grow aware of the benefits animal bones could represent for their research. 

By the mid-1980s it became apparent that archaeologists gradually shifted from sending bones 
to sending students do the analyses. The move, as said, was as much tactical as one forced by a lack 
of funding. Students could always be expected to do the job for free or to get paid through grants 
and scholarships. Still, their most precious currency was not one expressed in terms of pesetas (or 
escudos!) but in academic degrees. For such reason, although a good many students from outside our 
field received training at the LAZ-UAM in the 1980s and 1990s,  most went on to pursue careers at 
other departments and universities and only a few (e.g. Corina Liesau or Jordi Nadal) kept on their 
involvement with the LAZ-UAM to this day.

One good thing, at least to a certain extent, was that this first wave of Spanish archaeozoologists 
had a strong regional character with people emerging on all four corners of the country and no single 
region left behind in terms of faunal developments. But a major problem with this ad hoc solution 
was that most of these Spanish students came from departments of archaeology/prehistory (i.e. with 
backgrounds firmly set within the Humanities). They often were also part of research groups with 
precise aims and ways of addressing issues. The humanistic background led them into a different manner 
of doing things. For many, the interest of faunal analysis laid in explaining the possibilities that, in 
heuristic terms, organic remains at large offered thus were not that much concerned with the analytical 
limitations of the faunal data. Since the 1980s and well into the 1990s, a good many interpretations 
derived from small, hand-collected, collections subjected to all sorts of biases. Equally problematic was 
that many analyses were carried with poor reference collections or none at all. In my conversations with 
their archaeologist bosses, I recall often urging them not to have their students identify bones with 
handbooks and atlases alone.

Another development within Spanish archaeozoology during the 1980s had to do with the 
regional focus of many research programs. At that time Spain had consolidated a decentralized political-
administrative system known as the 'state of the autonomies'. While such de-centralization was positive 
in many respects, one of its major drawbacks was to fragment research into arbitrary geographical units 
that, from the standpoint of archaeology, did not make too much sense and that have often led to a 
redundant abuse of resources.

Indeed, given the scarce development of archaeozoological research during the 1980s, the lack 
of funding and that one can seldom proceed beyond description when dealing with singularities, what 
this fragmentation meant was that in quite a few places, researches went back to slot no. 1 so to speak. 
This is not trivial issue. As we saw previously, the German scholars were keen on obtaining as much 
good reliable data as possible but for them to proceed beyond description was hampered not only 
by their hyper-inductive way of working but also by the fact that the archaeological collections they 
were recording were the first of their kind for any given area and/or period. Singularities, no matter 
how striking, are difficult to place into context (i.e. nothing to compare with). This was the case of 
such emblematic sites as the aforementioned Zambujal (Chalcolithic), but also Cerro de la Virgen 
(Bronze Age), La Bañeza (Iron Age) or Munigua (Roman) when they saw light. This problem persists, 
sometimes up to this day, as one major drawback hampering people to jump from isolated data into 
pattern-seeking exercises.

One of the things that may have tempted Iberian archaeologists to incorporate faunal data of 
doubtful quality and restricted quantity into the datasets to back up cultural hypotheses was that so 
many existed at the time (e.g. the Secondary Products Revolution, the Iberian Peninsula as a center of 
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domestication of species such as the horse, etc.). Equally important was that the 1980s witnessed the 
processualist currents of the 1960s yielding to post-processualist views of the archaeological record. 
This, among other things, implied a move from the more manageable sphere of subsistence into the 
far more complex and speculative social and symbolic spheres. Marxist archaeology’s postulates, 
relying heavily on the 'economic' aspects of past societies, often joined forces with post-processualists 
as subsistence was deemed to be far more boring (it is!) than the truly epiphenomenical aspects of 
societies. Obviously, not all fields of Iberian archaeology suffered equally from such shift.

 Processualist approaches, in fact, consolidated during the 1990s in archaeozoology with the 
definitive irruption of taphonomical studies that raised concern about the nature of archaeological 
deposits and the multiple biasing agents that model the archaeozoological record prior to excavation. 
Starting with the prehistorians, as has been so often the case, biostratinomic and fossildiagenetic 
issues became slowly incorporated into the mental frame of archaeologists and archaeozoologists in 
Iberia thanks to the efforts of people like Manuel Domínguez Rodrigo and pioneer texts such as that of 
Fernanda Blasco (Blasco Sancho 1992; Domínguez Rodrigo 1994). In Portugal, the processualist approach 
also framed the works of João Luis Cardoso, a researcher with a strong focus on paleontology, who 
during the 1990s became one of the very few references for future archaeozoologists in that country 
and a prelude of things that were to come in this country (Cardoso 1993). 

The beginning of the new millennium and the future

It is difficult to provide a balanced view of archaeozoological developments in Iberia during the past two 
decades, not the least because the number of practicing scholars has extended beyond recognition as 
the success of the conferences held at Faro in 2017 bear witness.

For one thing, the regional expansion that witnessed Portuguese scholars contributing an ever 
expanding and most significant part of the Iberian archaeological research took place around the turn of 
the millennium. Instrumental in such development was João Zilhão’s broad-scope and far-sighted move 
to create geo- and bioarchaeological research units at the CIPA/LARQ and to have one of the most able 
and respected scholars in the field (Simon Davis) lead the archaeozoological laboratory. Simon’s work 
was enhanced by that of Marta Moreno-García and the group of Portuguese researchers, in particular 
Carlos Pimenta (Maico) and Sonia Gabriel who, in an amazingly short time, contributed, among other 
achievements, to build up one of the best reference collections in Europe. Simon and Marta exemplify 
a British way of doing archaeozoology that is extremely keen on starting things where they should start 
(i.e. prior to excavation, while defining research questions and strategies), obtain good data and, as 
is the case of the Scandinavian school, proceeds from it into sound comparison, pattern-seeking and 
theory-making. This group also pioneered experimental work on taphonomy and ethnoarchaeology to 
build solid frames of reference (Lloveras et al. 2008). Although they were late starters, they soon catch 
up with developments. In retrospect, one can say that the 'Lisbon team' meant for Portugal far more 
than the Germans or any other of the Spanish and foreign groups has ever meant for Spain in terms of 
influence on agendas and fostering interdisciplinary research.

Thanks to the integration of Iberian archaeozoology into the mainstream of scientific discourse, 
a good many of the new techniques that developed over these past years rapidly incorporated into 
the research toolkit of Iberian analysts. Stable isotopes, aDNA and ZooMs lead the way in terms of 
biomolecular analysis but computerized protocols, in particular metadata analysis, are bound to 
follow soon. These achievements developed thanks to the combined efforts of many individuals which 
decided to go abroad to develop as professionals against all odds, but also of institutions, some old, 
some new, that allowed many of them to obtain the necessary financial support to achieve their goals. 
As of this writing, Iberian archaeozoology is a bourgeoning field that makes it hard for any single person 
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to track down developments. More fully integrated into archaeological research programs than it ever 
was, Iberian archaeologists are nowadays more aware also about the issues that can, and cannot, be 
addressed with specific faunal data sets.

This is not to say that we are in a rose garden as problems remain at all levels (Table 1). On 
theoretical grounds, one serious concern is that, to no small extent, Iberian archaeology keeps on 
anchored within the classical historicist tradition, the processualist approach assimilated mostly in terms 
of analytical procedures. In a way, the strong adherence one witness to post-processualist approaches 
in the discipline is a bridging of sorts of processualism that links the most traditional currents with the 
most recent ones. Some scholars also complain that archaeozoology is lacking a theoretical frame of 
its own but I, for one, wonder whether such frame could be truly detached from that of archaeology at 
large (Montón 2003).

In many ways, these theoretical 'deficiencies' should be the least of our concerns. Far more 
pressing, now as ever, is the aforementioned lack of financial support and professional perspectives for 
people looking for a decent job. Many of these, including several of my students, were driven to pursue 
careers in other countries and this is certainly a waste of money and human capital for nations whose 
investment in science is sparse to put it mildly. Equally problematic is the reluctance of historians, in 
particular those of Modern and Contemporaneous periods, to consider faunal studies an integral part of 
their research. These are but two problems of the many still lurking in the horizon (Table 1). Still, if one 
were to frame things from a temporal perspective, looking at where we stood say, a mere 25 years ago, 
one could grasp the relevance of the achievements Iberian archaeozoologists have accomplished since 
the late 1960s. If only for that reason one should feel confident that things may get better in the future. 
I, for one, do sincerely hope so. However, being an optimist by nature such hope may not mean much.
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1. NEGLECT OF ARCHAEOFAUNAL REMAINS

2. ARCHAEOZOOLOGY NOT A POST-EXCAVATION “ROUTINE”

3. LACK OF APPROPRIATE REFERENCE COLLECTIONS

4. AILURE OF REFERENCE COLLECTIONS TO INCORPÓRATE KEY TAXONOMIC GROUPS

5. QUANTIFICATION BASED UPON ANALYTICAL UNITS AND NEGLECT OF NISPS

6. BIOMETRY: A (MOST) SECONDARY ANALYTICAL TOOL

7. FAILURE TO SPECIFY CRITERIA FOR IDENTIFYING MARKS

8. SHARE IDEAS, NOT ONLY DATA

9. DEFICIENT UNDERSTANDING OF EVOLUTIONARY THEORY

10. DATA INTERPRETATION BIASED TOWARDS ECONOMIC EXPLANATIONS

11. MODELS NOT TOOLS OF GENERAL APPLICATION

12. MODEL INTEGRATION

Table 1 - Iberian archaeozoology: a selection of pending issues.
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Abstract
The study of leporid accumulations has been widely developed in the last decades. Actualistic research allowed for a better 
understanding of accumulations by humans, different mammals and raptors. Western Europe archaeological records are rich 
in leporid accumulations of anthropogenic and other origins (intrusive and exogenous). Cadaval and Nossa Senhora das Lapas 
caves are located in the Portuguese Middle Tagus, near Tomar, central Portugal. Cadaval layer D corresponds to the regional initial 
Middle Neolithic while layer C is of Middle / Late Neolithic chronology. Nossa Senhora das Lapas presents disturbed deposits with 
Early and Middle Neolithic chronologies but also some bell beaker artifacts, which led to the necessity of studying the materials 
as if they corresponded to a single context. The archaeofaunal spectra are dominated by leporids, the majority of which are 
Oryctolagus cuniculus. Leporids representativeness is lower in Cadaval, both in layer D (NISP 57) and layer C (NISP 111) compared 
to Nossa Senhora das Lapas (NISP 425). Results indicate that leporids accumulations are a mixture of ingested and non-ingested 
remains mainly of exogenous origin, being human influence analytically invisible.

Keywords
Taphonomy, leporid accumulations, Portugal, Neolithic.

Introduction

The anthropic consumption of leporids is widely debated in Southwestern Europe archaeology (Cochard 
2004; Dias et al. 2016; Hockett and Haws 2002; Jones 2006; Sanchis 2012). This relates mainly with the 
abundance of these species in the region and with the fact that their incorporation to the archaeological 
record can originate from several different agents even in one single accumulation. Besides studies of 
anthropic indicators, an enormous effort has been given to the acquisition of actualist data related to 
the accumulation and modification of leporids by several predators (e.g. Lloveras et al. 2008a, 2008b, 
2009, 2012, 2014; Mallye et al. 2008; Mallye 2011; Rodríguez-Hidalgo et al. 2013, 2015; Sanchis 2000, 2001; 
Sanchis and Pascual 2011; Sanchis et al. 2010, 2014).

The growing corpus of information has been applied to archaeological contexts, mainly of 
Palaeolithic chronologies. Focusing post-palaeolithic periods in southwestern Iberia, leporid remains in 
Holocene archaeological contexts are frequently interpreted as anthropogenic accumulations, maybe 
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Zooarchaeology. Estudos & Memórias 19. Lisboa: UNIARQ - Centro de Arqueologia da Universidade de Lisboa, p. 19-33. 
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partially influenced by published anthropic Palaeolithic assemblages. Still, even in some of the latter, 
indicators for intrusive or (more frequently) exogenous components resulting from predation are 
common (e.g. Lloveras et al. 2010; Sanchis 2001, 2012).

Focusing Portuguese Holocene archaeology, besides the simple counting of leporid remains 
some studies have started to produce a more in-depth analysis of these accumulations by indicating 
the presence of tooth / beak marks, digestive damage, burnt remains frequencies, anatomical profiles, 
technological modifications, type of fracture and other relevant contextual information and field 
observations (e.g., Correia et al. 2015; Dean and Carvalho 2011; Moreno-García 2011; Rowley-Conwy 
1992; Valente 1998). The acquisition of taphonomic data regarding accumulating agents is unequal and 
in the majority of cases not discussed raising the necessity for taphonomic studies to contribute to 
its understanding. In this article we discuss the results obtained from the analysis of several leporid 
remains from the Nossa Senhora das Lapas and Cadaval caves (Midle Tagus, Portugal).

Materials

Nossa Senhora das Lapas cave

Located near Tomar (Figure 1), was excavated between 1988 and 1994 and interpreted as a burial cave 
(Cruz 1997; Oosterbeek 1997). A small 12 m2 area of excavation revealed three archaeological contexts: 
one individual burial in crouched position, associated to bell beaker pottery, a copper axe, limestone 
replicae and polished bone fragments (layer A); a Middle Neolithic burial with a spherical vessel (upper 
layer B); and an Early Neolithic burial within a stone structure, associated to epicardial ceramics and 
Glycymeris sp. shells. Altough burials in layers A and C could be identified, severe disturbance affected 
the deposits. The palimpsest character of this site led to the study of the faunal remains separately but 
as if only one context existed (Almeida et al. 2015; Almeida 2017).

Cadaval cave

It is also located near Tomar (Figure 1), consists of two larger rooms and a smaller third one and was 
excavated between 1983 and 1987 (Cruz 1997; Oosterbeek 1997). Layer D had two individual burials, one 
in each room, with lithic industry mainly knapped on flint (blades, unretouched bladelets, microliths, 
cores, burins), some quartzite knapped pebbles and polished amphibolite tools (including one axe, one 
adze and one gouge). Hemispheric ceramic vessels, plastic decoration, impressed and incise motifs were 
recorded, together with Unio littoralis and Theodoxus fluviatilis perforated shells. Layer D had c. 50% of 
the area of layer C burials. Layer C corresponds to collective burials accompanied by dozens of pottery 
decorated with wide and deep grooves (cerâmica canelada), incised with linear and zigzag motifs, 
lobed rims and carinated pottery. Polished amphibolite axes and flint blades, unretouched bladelets, 
microliths, nuclei, arrowheads, scrappers and stone discoidal beads were recovered.

A sample of the faunal assemblages from layers D and C were preliminarily published (Almeida et 
al. 2015). In a recent analysis on all macro and mesofauna from the Neolithic layers of the site, Almeida 
(2017) suggested that the cave had other type of punctual use besides the funerary one, possibly related 
to herding and hunting practices. The materials under discussion are the leporid remains recovered in 
these three archaeological contexts (Table 1) but occasionally other identified taxa are mentioned.
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Figure 1 - Location of Nossa Senhora das Lapas and Cadaval caves in the Iberian Peninsula.

Table 1 - Number of identified specimens (NISP), Minimum number of elements (MNE) and Minimum number of 
individuals (MNI) per age group, calculated for leporid remains from Nossa Senhora das Lapas cave, Cadaval cave 

layer D and Cadaval cave layer C.

NISP NISP% MNE MNE% Infant Juvenile Adult Total MNI

Nossa Senhora das Lapas cave
Lepus sp. 2 0.5 2 0.6 0 1 0 1

Oryctolagus cuniculus 174 40.9 130 37 5 5 2 12

Leporidae 249 58.6 219 62.4 19 0 0 19

Total 425 100 351 100 24 6 2 32
Cadaval cave layer D
Lepus sp. 1 1.8 1 2.2 0 0 1 1

Oryctolagus cuniculus 40 70.2 30 65.2 1 1 1 3

Leporidae 16 28 15 32.6 0 0 0 0

Total 57 100 46 100 1 1 2 4
Cadaval cave layer C
Lepus sp. 2 1.8 2 2.1 0 0 1 1

Oryctolagus cuniculus 82 73.9 74 76.3 1 3 2 6

Leporidae 27 24.3 21 21.6 1 0 0 1

Total 111 100 97 100 2 3 3 8
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Methodology

The analysis followed common methodologies in Zooarchaeology and Taphonomy (Lyman 1994; Reitz 
and Wing 2008) with a special attention given to the morphological distinction between Oryctolagus 
cuniculus and Lepus sp. (Callou 1997). Demographic profiles were established following data compiled 
by Jones (2006) and grouped according to infants (unfused appendicular bones and very fragile 
ossification), juveniles (one of the long bone epiphysis with visible fusion line or not entirely fused) and 
adults (total epiphysation and ossification). Common quantitative units (Lyman 2008) and the %Relative 
abundancy index (%RA – Andrews 1990; Dodson and Wexlar 1979) were used. %RA was calculated by 
relating the MNE and MNI estimated for the assemblage: Ri = MNEi/MNI x Ei  (Ri: relative abundance of i; 
MNEi; Minimum number of elements i; MNI: Minimum number of individuals; Ei: Minimum number of 
elements i in the skeleton). The comparison between the proportions of elements followed the indexes 
described by Andrews (1990) and Lloveras et al. (2008). Bone and teeth surfaces were studied according 
to existing taphonomic methodologies (e.g., tooth marks, digestion) with a special focus on the ones 
being applied on the analysis of leporid accumulations (Almeida 2017 and references therein).

Results

Nossa Senhora das Lapas cave

In Table 2 data is presented separately for ‘Oryctolagus cuniculus only’ and ‘all leporids’ (Leporidae, 
Lepus sp., Oryctolagus cuniculus) records. The MNE/NISP is not very different in both cases but the 
%RA differs to some extent, mainly concerning axial elements as the skull (maxillae) and appendicular 
elements (humeri, ulnae, femuri, tibiae). A total of 237 (55.8%) leporid remains are complete (including 
loose teeth), still 60% of them correspond to phalanges, tibiae, metatarsals, humeri and metacarpals. 
A statistically positive correlation between %RA and different portions bone density was obtained with 
a small difference between samples: ‘Oryctolagus cuniculus only’ r = 0.681, p = 0.005; ‘all leporids’ r = 
0.661, p = 0.007.

Regarding indexes, cranial elements are under-represented but this is less expressive in the 
sample ‘Oryctolagus cuniculus only’ (Table 3). Zygopodium and stylopodium elements are better 
represented than autopodyum in both cases. Zygopodium elements are slightly under-represented in 
comparison with stylopodium in the ‘Oryctolagus cuniculus only’ sample, the opposite occurring in ‘all 
leporids’. Posterior elements are better represented than anterior in ‘Oryctolagus cuniculus only’. 

A total of 20 pits/punctures were recorded on cancellous tissues (length: average = 1.64 mm, 
standard deviation = 1; width: average = 1.31 mm, standard deviation = 0.63) and five on cortical tissue 
(length: average = 1.78 mm, standard deviation = 0.65; width: average = 1.60 mm, standard deviation  
= 0.70). A total of six width measurements on cortical tissue were obtained for scores (average = 0.41 mm, 
standard deviation = 0.11). The results were compared to Andrés et al. (2012), Delaney-Rivera et al. 
(2009) and Rodríguez-Hidalgo et al. (2013, 2015) tooth marks made by Vulpes vulpes and Lynx pardinus 
but a clear distinction was not discernable. Finally, of the 425 leporids elements, 83 (19.5%) show 
digestive damage, more abundant in isolated teeth, mandibles, long bones and phalanges. Light (53) 
and moderate (18) degrees have higher relative abundances compared to heavy degrees (6), and 
extreme degrees are absent.
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Cadaval cave layer D

Leporids correspond to 17.2% of the total assemblage, of which 40 (70.2%) were identified as Oryctolagus 
cuniculus (Table 1). Axial skeleton (vertebrae, ribs) and extremities (metacarpals, carpals/tarsals, 
phalanges) elements have low %RA (Table 4). The results of comparing %RA and Oryctolagus cuniculus 
bone density values (Pavao and Stahl, 1999) by Pearson correlation coefficient did not indicate a 
statistically significative correlation (r = 0.506, p = 0.054).

All leporids Oryctolagus cuniculus only Complete 
elements Digestive damage

NISP MNE %RA NISP MNE %RA NISP NISP% NISP NISP%
Skull (maxilla) 23 16 25 17 11 45.8 1 0.4 5 6.0

Mandible 46 36 56 18 14 58.3 15 6.3 11 13.3

Loose tooth 28 - - 17 - - 21 8.9 20 24.1

Vertebrae 16 9 0.7 6 6 1.3 6 2.5 3 3.6

Sacrum 2 2 6.3 2 2 16.7 - 0.0 - 0.0

Ribs 5 4 0.5 - - - 3 1.3 1 1.2

Scapula 18 18 28.1 5 5 20.8 12 5.1 3 3.6

Humerus 34 34 53.1 2 2 8.3 27 11.4 1 1.2

Radius 12 11 17.2 5 4 16.7 6 2.5 3 3.6

Ulna 10 10 15.6 1 1 4.2 6 2.5 - 0.0

Innominate 24 17 26.6 15 10 41.7 9 3.8 5 6.0

Femur 51 46 71.9 15 10 41.7 26 11.0 5 6.0

Tibia 54 48 75 19 13 54.2 30 12.7 6 7.2

Metacarpus 4 4 1.3 3 3 2.5 3 1.3 - 0.0

Metatarsus 34 34 13.3 27 27 28.1 27 11.4 8 9.6

Metapodium 14 12 - 3 3 - 3 1.3 4 4.8

Calcaneum 11 11 17.2 10 10 41.7 9 3.8 1 1.2

Carpal/tarsal 2 2 0.3 2 2 0.7 2 0.8 - 0.0

Phalanges 37 37 2.2 7 7 1.1 31 13.1 7 8.4

Total 425 351 – 174 130 – 237 100 83 100

Table 2 - Number of identified specimens (NISP), Minimum number of elements (MNE) and %Relative abundacy 
(%RA) values for ‘all leporids’ and ‘Oryctolagus cuniculus only’ samples; complete elements and incidence of 

digestion in ‘all leporids’ from Nossa Senhora das Lapas cave.

Index %
GSL CDV-D CDV-C

all leporids Oryctolagus 
cuniculus only all leporids all leporids

PCRT/CR 405.1 267.3 757.6 982.4

PCRLB/CE 286.5 124 366.7 550

AUT/ZE 14.7 26.5 33 32.2

Z/E 86.3 106.7 120 135.7

ANT/POST 54.4 116.5 65 72.6

Table 3 - Indexes applied considering ‘all leporids’ and ‘Oryctolagus cuniculus only’ 
for Nossa Senhora das Lapas cave (GSL), and ‘all leporids’ for Cadaval cave layers D (CDV D) 

 and C (CDV C), following Andrews (1990).



Understanding Neolithic leporid accumulations: the examples of Cadaval 
and Nossa Senhora das Lapas caves (Tomar, Middle Tagus, Portugal)

NelsoN J. AlmeidA, PAlmirA sAlAdié, 
eNrique Cerrillo CueNCA, luiz oosterbeek 

24

Relative proportions between anatomical elements (Table 3) demonstrate a prevalence of post-
cranial compared to cranial elements, zygopodium and stylopodium to autopodium, stylopodium to 
zygopodium, and posterior to anterior elements. A total of 26 (45.6%) remains are complete, comprising 
Lepus sp. (1, 3.8%), Oryctolagus cuniculus (20, 19.2%) and Leporidae (5, 76.9%). Metatarsals (7) and 
phalanges (7) correspond to 53.9% of these records. Besides isolated teeth (3) and humeri (2), the 
remaining elements have minimum values.

Records of tooth marks (punctures, pits, perforations, crenulated edges) in the assemblage 
were taken into account and correspond to Oryctolagus cuniculus (5) and Leporidae (3). Shaft cylinders 
are scarce in the entire assemblage and one Leporidae femur is the only case recorded among leporid 
remains. The low number of measurable pits / punctures and their interval hinders a comparative 
analysis, with only one pit located in cortical tissue (0.83 x 0.94 mm). Seven tooth marks in cancellous 
tissue were recorded:

- Length in cancellous tissue: n = 7, average = 2.54 mm, standard deviation = 0.57;
- Width in cancellous tissue: n = 7, average = 1.76 mm; standard deviation = 0.40;

Only one record of Orytolagus cuniculus presents these typologies in cortical tissue, with 
dimensions within the variation recorded by Andrés et al. (2012) for Vulpes vulpes. Digestive damage was 
recorded in 16 remains of Oryctolagus cuniculus and five of Leporidae, with a higher representativeness 
of metatarsals, isolated teeth and phalanges (16.76%). Extreme degrees are absent but a clear 
predominance of light digestion (10.48%), followed by moderate (7.33%) and heavy (4.19%) was recorded.

Complete Digestive damage

NISP MNE %RA NISP NISP% NISP NISP%

Skull (maxilla) 5 2 25 0 0 0 0.0

Mandible 2 2 25 0 0 1 4.8

Loose tooth 6 - - 3 11.5 5 23.8

Vertebrae 2 2 1 0 0 1 4.8

Sacrum 1 1 25 0 0 0 0.0

Rib 0 0 0 0 0 0 0.0

Scapula 2 2 25 0 0 0 0.0

Humerus 2 2 25 2 7.7 0 0.0

Radius 1 1 13 1 3.8 0 0.0

Ulna 2 2 25 1 3.8 0 0.0

Innominate 5 4 50 1 3.8 1 4.8

Femur 3 3 38 1 3.8 0 0,0

Tibia 4 3 38 0 0 1 4.8

Metacarpus 1 1 3 1 3.8 1 4.8

Metatarsus 9 9 25 7 26.9 7 33.3

Metapodium 1 1 - 0 0 0 0,0

Calcaneum 1 1 13 1 3.8 0 0,0

Carpal/tarsal 1 1 1 1 3.8 0 0,0

Phalanges 9 9 4 7 26.9 4 19.0

Total 57 46 – 26 100 21 100

Table 4 - Number of identified specimens (NISP), Minimum number of elements (MNE) and 
 %Relative abundacy (%RA), complete elements and incidence of digestion in Cadaval cave layer D.
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Cadaval cave layer C

Leporid remains correspond to 14.8% of the total assemblage and among them Oryctolagus cuniculus 
is predominant (82) followed by Leporidae (27) but Lepus sp. is vestigial (2) (Table 1). Tibiae, femuri 
and innominate have higher %RA values; calcanei, ulnae, humeri, scapulae and mandibles a medium 
abundance; other elements of the axial skeleton and extremities are under-represented (Table 5). 
Different mineral densities seem to have had relevance on the survival of anatomical elements, as 
indicated by the significative positive correlation (r = 0.563, p = 0.029) between %RA and Oryctolagus 
cuniculus bone density values (Pavao and Stahl 1999). Complete leporid remains comprise 40 (36%) 
records of which 30 (75%) were identified as Oryctolagus cuniculus. Metatarsals (9), phalanges (7) and 
calcanei (5) are the better represented elements.

Post-cranial elements have higher representativeness compared to cranial, zygopodium and 
stylopodium compared to autopodium, stylopodium to zygopodium, and posterior to anterior elements 
(Table 3).

A total of 12 (10.8%) leporid remains have mechanical indicators of consumption: Oryctolagus 
cuniculus (11) and Leporidae (1). Innominate (4) and femuri (4) are predominant. Several tooth marks 
typologies (pits, punctures, notches) were identified, seven remains had crenulated edges (mandibles, 
scapulae and innominate) and shaft cylinders are scarce (2 Oryctolagus cuniculus femuri).

Figure 2 - Examples of leporid remains from Nossa Senhora das Lapas (GSL) and Cadaval (CDV) caves. Left: 
modifications by dental action; bottom right: modifications by digestion; top right: long bones form infant leporids.
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Pits / punctures dimensions in cancellous tissue (length: n = 8; average = 2.44 mm, standard 
deviation = 1.15; width: n = 8; average = 1.54 mm; standard deviation = 0.60) have similaries and partial 
superimpositions with both Vulpes vulpes (Andrés et al. 2012) and Lynx pardinus values (Rodríguez-
Hidalgo et al. 2013). Obtained results are similar to Vulpes vulpes dimensions published by Delaney-Rivera 
et al. (2009). Only one pit in cortical tissues was recorded measuring 0.85x0.83 mm.

A total of 27 (24.3%) remains have chemical modifications related to digestion (Table 5), Oryctolagus 
cuniculus (24) and Leporidae (3), spread accross different elements. Extreme degrees are absent and 
light degrees are predominant (11), followed by moderate (8) and heavy (8).

Discussion

Nossa Senhora das Lapas cave

Data was presented with reference to ‘all leporids’ (Lepus sp., Oryctolagus cuniculus, Leporidae) 
and ‘Oryctolagus cuniculus only’ separately, showing some differences especially in anatomic 
representativeness and the P/D index. A comparison with actualistic studies (Table 6) does not allow 
for a clear-cut indication of an accumulating agent but some data must be differentially pondered. 
Leporidae remains are essentially complete elements of infants (<2 months) lacking clear taphonomic 
indicators of accumulation, and several animal burrows were recorded during fieldwork. We infer that 
at least in the case of these Leporidae their presence in the archaeological record is probably intrusive, 
i.e., related to natural causes or others not identifiable. 

Complete Digestive damage

NISP MNE %RA NISP NISP% NISP NISP%

Skull (maxilla) 2 1 7 - 0.0 - 0.0

Mandible 5 5 36 - 0.0 2 7.4

Loose tooth 3 - - - 0.0 3 11.1

Vertebrae 6 5 2 3 7.5 1 3.7

Sacrum 1 1 14 - 0.0 - 0.0

Ribs 1 1 1 1 2.5 1 3.7

Scapula 5 5 36 1 2.5 1 3.7

Humerus 6 6 43 2 5.0 2 7.4

Radius 4 3 21 1 2.5 2 7.4

Ulna 6 6 43 - 0.0 1 3.7

Innominate 10 8 57 1 2.5 2 7.4

Femur 11 8 57 3 7.5 1 3.7

Tibia 11 10 71 3 7.5 2 7.4

Metacarpus 3 3 4 3 7.5 2 7.4

Metatarsus 15 14 25 9 22.5 2 7.4

Metapodium 5 4 - - 0.0 1 3.7

Calcaneum 6 6 43 5 12.5 2 7.4

Carpal/tarsal 2 2 1 1 2.5 - 0.0

Phalanges 9 9 2 7 17.5 2 7.4

Total 111 97 – 40 100 27 100

Table 5 - Number of identified specimens (NISP), Minimum number of elements (MNE) and 
 %Relative abundacy (%RA), complete elements and incidence of digestion in Cadaval cave layer C.
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We will focus on the remains identified as Oryctolagus cuniculus. On the one hand, the %RA 
indicates a predominance of skulls, tibiae, innominate, femuri and calcani, and an under-representation 
of ribs, carpals/tarsals, phalanges, vertebrae and metacarpal. This has similarities with results presented 
by Lloveras et al. (2012) for Vulpes vulpes, mainly the scat sample. On the other hand, a predominance 
of post-cranial (PCRT/CR), proximal (although with values comparable to the distal - P/D) and posterior 
elements (AN/PO) is similar to non-ingested Vulpes vulpes samples (Lloveras et al. 2012). Remains 
maximum dimensions are also similar to results obtained by the abovementioned authors. However, 
the %<10 mm of 2.7% is comparatively quite lower (28%). The abundance of remains with tooth marks in 
the ‘Oryctolagus cuniculus only’ sample (16%) is slightly higher in comparison with Lloveras et al. (2012) 
but, as far as we know, no published studies indicate such high values for other terrestrial carnivores or 
raptors. Pits / punctures sizes comparison with data from Vulpes vulpes and Lynx pardinus is inconclusive. 
Interestingly, Oryctolagus cuniculus comprises 62 remains with digestive damage, with a predominance 
of light (40), light/moderate (4) and moderate (13) in relation to heavy (5) or extreme (0) degrees. 
High values of light digestion are normally associated to the action of nocturnal raptors such as Bubo 
bubo, while diurnal raptors originate heavy to extreme digestion, and Vulpes vulpes and Lynx pardinus 
moderate, heavy and extreme. Our sample has a predominance of light digestion but no indicators of 
raptors were identified. 

The absence of raptors beak / talon marks and the abundance of elements with tooth marks 
is more easily related with the action of a canid, mainly if we took into account that in Lynx pardinus 
rabbit assemblages bones are less fragmented. We suggest that the remains of Oryctolagus cuniculus 
from Nossa Senhora das Lapas cave are (mainly) of an exogenous origin, i.e., accumulated by non-
human predators, most likely Vulpes vulpes, representing an admixture of non-ingested and scat 
material. The high correlation between bone density and the differential survival of skeletal elements 
must also be taken into account because of the possible destruction of less minerally dense elements 
due to diagenetic attrition, further potentiated by the predator mechanical and chemical modification 
of remains.

Cadaval cave layer D

Innominate, femuri and tibiae have high relative abundances but ribs, vertebrae, carpals / tarsals and 
metacarpals are under-represented. High representativeness of innominate and femuri might result 
from Bubo bubo and Neophron percnopterus, but tibiae are common in non-ingested Lynx pardinus 
and Vulpes vulpes samples (Table 6). A low representativeness of ribs, vertebrae and carpals / tarsals 
is seen in several predators. Metacarpals under-representativeness can occur in Vulpes vulpes scats 
(Lloveras et al. 2012) and Bubo bubo nests (Lloveras et al. 2009). Similarly to the identified in Bubo bubo 
accumulations (Lloveras et al. 2009), the indexes indicate a predominance of post-cranial, proximal 
and posterior elements; high representativeness of post-cranial and posterior elements occurs in 
non-ingested Lynx pardinus (Rodríguez-Hidalgo et al. 2013, 2015) and Vulpes vulpes (Lloveras et al. 
2012) assemblages.The studied sample represents an admixture of scat and non-ingested remains, 
consequently the relative abundance of elements or number of long bones with digestive damage 
cannot be understood as a clear indicator of the accumulating agent. The latter is only higher in 
comparison to Neophron percnopterus nests (Lloveras et al. 2014). A predominance of light followed 
by moderate degrees with a reduced heavy digestion and absence of extreme degrees was recorded. 
According to Hockett and Haws (2002), the presence of a high number of complete bones is common 
in assemblages accumulated by small carnivores for which evidence of abundant degraded scats is 
lacking. Something similar has been identified in other contexts (Sanchis and Pascual 2010) or actualistic 
studies (Rodríguez-Hidalgo et al. 2015).
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Tooth marks were recorded on 14% of the sample with values close to Vulpes vulpes (Lloveras et 
al. 2012), Neophron percnopterus (Lloveras et al. 2014; Sanchis et al. 2014) and Meles meles (Mallye et al. 
2008). No clear beak / talon marks were recorded so we discard the possibility that raptors were the 
main accumulators of this sample. Focusing terrestrial carnivores, the average dimensions obtained for 
pits / punctures in cancellous and cortical tissues seem to assume intermediate positions between Lynx 
pardinus (Rodríguez-Hidalgo et al. 2013, 2015) and Vulpes vulpes (Delaney-Rivera et al. 2009; Andrés et al. 
2012). We should emphasize that Meles meles was identified in the assemblage (Almeida 2017) but available 
data does not allow for a straightforward comparison due to different analytical protocols. Also, this 
species is not a common leporid accumulator. Setting aside the influence of raptors and Lynx pardinus, it 
seems that an interpretation where Vulpes vulpes would have been the main accumulator is preferable.

GSL CDV-D CDV-C B. bubo A. adalberti

Origin archaeological archaeological archaeological nest nest pellet

N 174 57 111 1808 1932 824

RA > values sk-ma-ti-in-fe-cal in-fe-ti ti-fe-in-cal-ul-hu pat-cal-in-fe cal-in-ti-mt pha3-hu-ti

RA < values ri -c/t-pha -ve-mtc ri -ve-c/t-mtc ri-c/t-ve-pha mtc-c/t ra-c/t-mtc ri-fe-ra-ve

PCRT/CR +post-cranial +post-cranial +post-cranial + post -cranial = +cranial

P/D + proximal +proximal +proximal +proximal +proximal distal

AN/PO +posterior +posterior +anterior +posterior +posterior +posterior

Complete elements %

Mean value long bones 38.3 41.7 27 14.6 10.8 0

Mean value total 29.9 45.6 36 53.9 45.9 27

Length (mm)

Minimum 5.6 6.6 7.54 2.3 2.5 1.8

Maximum 85.6 62.6 104.1 86.3 90 36.1

%<10 mm 2.72 17 2 49 40 73

Digestion

% Digested remains 35.6 36.8 24.3 68.8 65.6 98

% Digested long bones 35.7 8.3 21.1 88.9 83.9 100

Degree

Null 70.7 36.8 75.7 31.2 34.4 2

Light 23 1.5 8.8 40.2 40.2 18.2

Moderate 3.4 12.3 7.2 19.8 19.8 46.8

Heavy 2.9 2.6 7.2 8 5.3 27.4

Extreme 0 0 0 0.7 0.15 5.6

Beak/teeth marks % 16 14 9.9 2 1.34 0.5

% Adults 41.7 50 37.5 50 50 -

Abbreviations: pat: patellae; cal: calcaneum; in: innominate; mt: metatarsus; fe: femur; pha: phalanx; ma: mandible: te: teeth; sk: skull; ast: 
astragalus; lon: long bones; sc: sacrum; hu: humerus; ra: radius; ul: ulna; mtc: metacarpus; c/t: carpal/tarsal; ri: ribs; ve: vertebrae.

Table 6 - Comparison of data obtained for the ‘Oryctolagus cuniculus only’ sample from Nossa Senhora das Lapas 
cave, ‘all leporids’ from both layer D and C from Cadaval cave with results for Bubo bubo (Lloveras et al. 2009), 
Aquila adalberti (Lloveras et al. 2008b), Lynx pardinus (Lloveras et al. 2008a, Rodríguez-Hidalgo et al. 2013, 2015), 

Vulpes vulpes (Lloveras et al. 2012) and Neophron percnopterus (Lloveras et al. 2014; Sanchis et al. 2014). 
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Cadaval cave layer C

Tibiae, femuri and innominate have the highest relative abundances followed by calcani, ulnae and 
humerus. A small resemblance, of normally up to two elements, occurs with nests of Bubo bubo, Aquila 
adalberti and Neophron percnopterus, and non-ingested samples of Lynx pardinus and Vulpes vulpes 
(Table 6). The low relative abundance of ribs, carpals / tarsals and phalanges has parallels in nests of 
Bubo bubo, Aquila adalberti and Neophron percnopterus, non-ingested samples of Vulpes vulpes, but 
also Lynx pardinus scats. Generally speaking, a greater agreement is found with Lynx pardinus scats: 
under-representation of carpals / tarsals, vertebrae and ribs. Applied indexes show an abundance of 
post-cranial, proximal and posterior remains with parallels in Bubo bubo nests (Lloveras et al. 2009), 

L. pardinus V. vulpes N. percnopterus

Origin scat non-ingested non-ingested scat non-ingested nest nest

N 1522 9564 3312 265 639 269 133

RA > values ma-tee-cr ti-cal-mt-ast ti-mtt-ast-cal lon-sc-cr mt-cal-as-ti fe-in-ra-ul-mt ma-sk-te

RA < values c/t-ve- ri sc-ve-hu-ri-fe ri-sc-hu mtc-c/t-in sk-sc- ri -in-ve ri -cr fal-c/t-lon-ve

PCRT/CR +cranial + post -cranial + post -cranial = + post -cranial + post -cranial +cranial

P/D +proximal +distal +distal +proximal +distal - -

AN/PO +anterior +posterior +posterior +posterior +posterior - -

Complete elements %

Mean value long bones 2.5 37.6 44.5 - 5.4 - -

Mean value total 43 73.2 94.9 12 89.4 80 81.2

Length (mm)

Minimum 1.1 3 3 3 4 - 26.3

Maximum 30.1 69 73.1 26.8 86.2 - 70.1

%<10 mm 19.7 61 81.3 28 - 52.4 -

Digestion

% Digested remains 97.2 - - 99.5 - 1.1 0.8

% Digested long bones 100 - - 100 - 2.8 -

Degree

Null 2.8 - - 0 - - 99.2

Light 12 - - 6 - - 0.8

Moderate 22 - - 26 - - 0.8

Heavy 43.8 - - 43 - - 0

Extreme 19.3 - - 25 - - 0

Beak/teeth marks % 0.26 0.9 1.8 3 9.5 10.4 7.5

% Adults 21.4 - - 87 - 41.7 100

Abbreviations: pat: patellae; cal: calcaneum; in: innominate; mt: metatarsus; fe: femur; pha: phalanx; ma: mandible: te: teeth; sk: skull; ast: 
astragalus; lon: long bones; sc: sacrum; hu: humerus; ra: radius; ul: ulna; mtc: metacarpus; c/t: carpal/tarsal; ri: ribs; ve: vertebrae.

Table 6 (cont.) - Comparison of data obtained for the ‘Oryctolagus cuniculus only’ sample from Nossa Senhora das 
Lapas cave, ‘all leporids’ from both layer D and C from Cadaval cave with results for Bubo bubo (Lloveras et al. 
2009), Aquila adalberti (Lloveras et al. 2008b), Lynx pardinus (Lloveras et al. 2008a, Rodríguez-Hidalgo et al. 2013, 
2015), Vulpes vulpes (Lloveras et al. 2012) and Neophron percnopterus (Lloveras et al. 2014; Sanchis et al. 2014). 
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while a predominance of post-cranial and posterior elements occurs in non-ingested Lynx pardinus and 
Vulpes vulpes samples (Lloveras et al. 2008a, 2012). These comparisons must be seen with caution due 
to the statistically significative positive correlation between %RA and bone portion densities.

A total of 36% records are complete and 27% of long bones do not show breakage. Maximum 
dimensions oscillate between 8 and 104 mm, and only 2% of the records have <10mm in maximum 
dimensions. Digestive damage was identified in around 24% of the sample with 21% of the long 
bones presenting chemical action. Although light degrees are more abundant, they have a similar 
representativeness with moderate and heavy degrees (between 7.2% and 8.8%). Once more, different 
mineral densities of bone portions might have had some relation with the under-representation of 
moderate to extreme digestion degrees. Nonetheless, the sample is an admixture of scat and non-
ingested remains, probably with a higher abundance of the first that does not allow for a simple 
comparison with published actualistic studies. Tooth marks were recorded in 9.9% of the sample, 
a value resembling non-ingested samples of Vulpes vulpes (Lloveras et al. 2012), Neophron percnopterus 
(Lloveras et al. 2014; Sanchis et al. 2014) and Meles meles (Mallye et al. 2008). Identified marks do not 
morphologically correlate with the action of diurnal or nocturnal raptors and tooth marks dimensions 
are very similar to Vulpes vulpes actualistic data (Andrés et al. 2012). 

The carnivores identified in this assemblage are Canis sp., Felis silvestris and a neonate unidentified 
carnivore (Almeida 2017). It does not seem that the main accumulator of leporids was a feline and 
although the absence of comparison data for other carnivores (e.g., Meles meles) needs to be mentioned, 
the indicators presented are suggestive of a leporid accumulation by Vulpes vulpes.

Final considerations

Samples discussed are part of assemblages where leporids are comparatively abundant, especially 
Oryctolagus cuniculus in Cadaval cave and Leporidae in Nossa Senhora das Lapas cave. An important 
part of the remains was only identified as Leporidae due to the lack of diagnostic information which was 
related to the high breakage of the remains or the very young age of some individuals.

Some results (e.g., %RA) and comparisons presented should be taken with caution due to the 
small size of the samples analysed in this study. Data obtained was discussed and compared with 
available information and Vulpes vulpes was suggested to be the main accumulator of leporid remains in 
both Nossa Senhora das Lapas and Cadaval caves, and this converges with observation made during the 
excavations. The occupation of the caves by foxes in phases of non-human presence can be the reason 
behind the accumulation of at least part of the leporid remains. A possible influence of Bubo bubo or 
other terrestrial carnivores cannot be entirely discarded, but if it had happened it must have been with 
a low incidence. An intrusive component was indicated and is very clear in Nossa Senhora das Lapas 
cave. Altough human influence is present on the macrofauna assemblages, it was discarded at least as 
relevant in the discussed leporid samples.

We do not believe that anthropic influence should be considered as absent of other chronologically 
and geographically similar contexts, especially in more developed domestic contexts. However, an 
anthropization of the leporid accumulations from Nossa Senhora das Lapas and Cadaval caves was not 
identified. In accordance with previous suggestions by Valente (2016), there is a need for the in-depth 
study of leporid remains in other regional Neolithic contexts in order to understand their relevance in 
food-producing groups palaeodiet.
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Abstract
The site of Cova del Solà del Pep is located in L’Hospitalet de l’Infant (Vandellós, Tarragona), 2 km from the modern coastline. It 
was excavated by Salvador Vilaseca in the 1930s, when four layers with post-Palaeolithic archaeological materials were found. The 
archaeozoological remains from the second layer, where a “shell-midden” has been cited, are restudied here. Although marine 
shells (mainly top shells and mussels) are most abundant, mammal remains and lithic objects have also been documented. Shells 
of terrestrial molluscs and sea urchin plates and spines have been found in smaller quantities. A radiocarbon determination on a 
Phorcus turbinatus shell indicates that the cave was occupied in the late Mesolithic, a period for which hardly any information is 
available in Catalonia.

Keywords
Marine fauna (molluscs), Terrestrial fauna (mammals), Mesolithic, Catalonia.

Introduction

The so-called 'shell middens' are characteristic early Holocene archaeological sites on Atlantic, but also 
on the Mediterranean coasts (Román et al. 2020). They consist of accumulations, mainly of marine 
molluscs but also of terrestrial molluscs, animal bones, charcoal, etc. formed by anthropic action and 
often hardened into a breccia. The available evidence shows that one such Mediterranean sites is 
Cova del Solà del Pep in the Province of Tarragona (Spain). It was excavated in the 1930s by Salvador 
Vilaseca, who collected a large number of faunal remains accompanied by smaller numbers of other 
archaeological objects. The present paper studies this evidence and determines its cultural ascription. 
The remains stored in the S. Vilaseca Archaeological Museum in Reus (Tarragona) had not been re-
studied or the subject of later publications until the present research reported here.

Research in Cova del Solà del Pep

The archaeological site of Cova del Solà del Pep is located on the south-east side of a small hill called Solà, 
near the town of L’Hospitalet de l’Infant (Tarragona) about 2 km from the modern coastline (Figure 1). It 
consists of a cave 22 m wide and 11 m deep, where Salvador Vilaseca performed an excavation (c. 3 m2) in 
1934 and documented two archaeological levels (Vilaseca 1937, 1973): an 'upper level', about 15 cm thick, 

ÁLVAREZ-FERNÁNDEZ, Esteban, CUETO RAPADO, Marián, ROMÁN, Didac (2022) - New data for the early Holocene in North-East Iberia: the faunal record at 
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Estudos & Memórias 19. Lisboa: UNIARQ - Centro de Arqueologia da Universidade de Lisboa, p. 35-44. 
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in the form of loose sediment containing materials from different times (sherds of modern and Iberian 
pottery, human and animal bones, etc.); and a 'lower level' formed by calcareous tufa, between 15 and 
40 cm thick, sealed at its base by a layer of calcite. Faunal and lithic remains were recorded in this lower 
level, which was attributed to the Mesolithic. The remains of vertebrates and invertebrates belong to 
this level. The former was said to include osseous remains of dog, sheep and rabbit; the latter consisted 
of shells of different marine species (especially those identified as Trochus turbinatus), terrestrial species 
(Helix sp.) and sea urchin. This level was superimposed on a barren layer of calcite 2 cm thick, under 
which a 40 cm thick layer of barren clay overlay the bedrock. Vilaseca indicates that the density of 
remains documented in the 'lower level' was low, in comparation with other Mediterranean (Hoyo de la 
Mina) and Atlantic shellmidens (Vilaseca 1937: 257).

Methodology

All the remains on deposit in Salvador de Vilaseca de Reus Archaeological Museum (Tarragona) have 
been studied.

The mammal remains were analysed following the standard archaeozoological method (Lyman 
1994). The anatomical and taxonomical classification has been made with a reference collection and 
specific osteological atlas (Callou 1997; Hillson 2005; Pales and Garcia 1981; Schmid 1972; Zeder and 
Heather 2010). When it was not possible to determine the specific taxon, they were grouped in general 
categories (medium and small size). The age of death of the animals was established following criteria 
of dental eruption and epiphyseal fusion (Hillson 2005; Bull and Payne 1982). In order to quantify 
skeletal representation, the Number of Remains (NR) and the Minimum Number of Individuals (MNI) 
were calculated.

Figure 1 - Figure 1. Location of Cova del Solà del Pep (Tarragona). 
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The general characteristics of the marine and terrestrial shells and the sea urchins have been 
studied in order to determine the species they belong to. The reference collection in the Department 
of Prehistory, Ancient History and Archaeology at the University of Salamanca was used to classify 
them. Information about their habitat has been taken from several specific studies, both for molluscs 
(e.g., Gofas et al. 2011, for marine species; and Welter-Schultes 2012, for continental species) and for the 
echinoderms (Southward and Campbell 2005). The WoRMS nomenclature was followed for the marine 
molluscs (WoRMS Editorial Board 2018).

The molluscs were quantified by adapting our study to the methodology proposed by B. Madariaga 
(1975) and R. Moreno (1994), as applied in other Iberian case studies (e.g., Álvarez-Fernández et al. 2013, 
2014). The alterations observed on the remains (epifauna, taphonomic alterations, etc.) have also been 
analysed.

The archaeofaunal remains from Cova del Solà del Pep have not been weighed either individually 
or collectively, as they are affected by the precipitation of calcium carbonate and decalcification.

Results

Terrestrial Archeofaunal Remains

A total of 43 mammal osseous remains have been studied, of which 21 have been taxonomically assigned 
to four species (Table 1). They are all adult wild species, except for the Sus sp., which was in its first year of 
life (Figure 2). They are characteristic mammals of a temperate climate and open woodland vegetation. 
All the remains are covered by calcium carbonate and consequently it was impossible to study the bone 
surfaces to identify any anthropic alterations.

The species identified by Vilaseca included dog and sheep. The remains he classified as dog are 
several vertebrae but in reality, they belong to a medium-sized unidentified herbivore. A carpal bone 
belongs to a roe deer. No bone remains belonging to sheep have been observed.

Finally the terrestrial archaeozoological remains include a fragmented individual of Iberus sp.1 The 
shell of this continental gastropod appears to have been affected by heat. It may have been gathered as 
food in the surroundings of the cave.

1 S. Vilaseca (1937: 256) states: 'Junt amb els mariscs sortiren fragments de grans conquilles de Helix, aixafades i 
inclassificables.' As in the case of the marine molluscs, the continental mollusc shells documented in the excavation are 
not present in the collection, except for the Iberus sp. shell that has been studied.

NR MNI
Age

Juvenile Subadult Adult

C. capreolus 2 1 - - 1

Caprinae 12 2 - - 2

Sus scrofa 1 1 1 - -

Oryctolagus cuniculus 6 2 - - 2

Subtotal 21 6 1 - 5

Medium size 13 - - - -

Small size 2 - - - -

Indeterminate 7 - - - -

Total 38 6 1 - 5

Table 1 - NR, MNI and age of the different mammal taxa in the lower level at Solà del Pep (Tarragona).
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Marine Archeofaunal Remains

The total number of marine archaeozoological remains is 644; nearly all of them mollusc shells, both 
gastropods and bivalves (Table 2). In terms of the Number of Remains (NR=641), 95.3% belong to top 
snails and mussels (Phorcus turbinatus: 50.5%; Mytilus sp.: 43%).The remaining percentage is formed by 
the gastropods Stramonita haemastoma and Patella spp. (the species P. caerulea and P. rustica have 
been identified) and the bivalve Glycymeris sp. The Minimum Number of Individuals (MNI=233) has been 
calculated from the NR by taking into account diagnostic parts of the molluscs (apexes in the case of the 
gastropods and hinges in the bivalves). In this way, 73% are Phorcus turbinatus, followed at a distance by 
Mytilus sp. (14%) and Patella sp. (11%). The remaining percentage is formed by Stramonita haemastoma 
and Glycymeris sp.2 (Figure 3). 

2. S. Vilaseca (1937: 256) cites: 'Anomia ephippium. Un exemplar enter i tres fragments; Pectunculus sp. Un fragment. Mytilus 
gallo-provincialis. Dues valves senceres i vuit trossos. Mytilus sp. Un fragment.; Patella aspera. Quinze exemplars enters 
i dotze de trencats; P. coerulea. Quatre exemplars; P. caerulea var. subplana. Tres exemplars; P. lusitanica, un exemplar; 
Trochus turbinatus. Tres-cents cinquanta exemplars entre sencers i trencats y alguns fragments de Murex i Purpura.' Having 
re-examined the collection, it has been found that not all the remains documented in the excavation are still conserved. 
For example, the shells of Anomia ephippium and those of the Family Muricidae are not present in the collection. Similarly, 
there are fewer limpets shells, whereas the number of mussels remains is much larger'.

Figure 2 - Solà del Pep (Tarragona), “lower” level. Faunal remains: a) Capreolus capreolus; 
b) Oryctolagus cuniculus; c) Sus sp.
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Alterations to the shell surfaces have been observed. Thus, the start of a hole caused by a 
perforating organism before the shell was gathered as food has been noted on one of the limpets 
shells. The fragmented Glycymeris sp. valve was eroded on its surface, particularly on the teeth of the 
hinge, by the action of sea water and sand, which indicates that it was picked up on a beach. Humans, 
as a taphonomic agent, have also modified the archaeomalacological assemblage. It is fragmented, 
probably by trampling and this has mostly affected the mussels. Only four of the shells are affected 
by heat: one mussel and three top snails. It should also be noted that at least 112 of the top shells have 
lost their apex (c. 66% of the individuals). This was equally observed by S. Vilaseca (1937: 257–258), who 
explained this as intentional breakage by humans to extract the meat. Indeed, by experimentation we 
have found that if this part of the shell is broken by striking it, the vacuum is eliminated and the meat 
can be extracted more easily. Finally, it should be added that practically all the remains are covered by 
precipitated calcium carbonate, which hinders the classification of some of the limpets. In some cases 
the shells are surrounded by large amounts of concretion, such as the example of five P. turbinatus 
specimens that are encased together.

All the species documented in Cova del Solà del Pep are present today on the Mediterranean 
coast. The top snails, limpets, mussels and red-mouthed rock shells were gathered by hand on rocky 
substrates in the eulittoral zone, and probably on the low shore, in more or less wave-beaten areas. 

NR MNI

Patella rustica (Linnaeus 1798) 6 6

Patella caerulea (Linnaeus 1798) 12 12

Patella sp. 18 8

Phorcus turbinatus (Born 1778) 324 170

Stramonita haemastoma (Linnaeus 1767) 5 3

Mytilus sp. (Linnaeus 1798) 275 33

Glycymeris sp. 1 1

Total 641 233

Figure 3 - Solà del Pep (Tarragona), 'lower' level: a) Phorcus turbinatus; b) Mytilus sp.; c) Patella sp. 

Table 2 - NR and MNI of the different marine mollusc taxa in the lower level at Solà del Pep (Tarragona).
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They were probably collected on the shore near the site, which is about two kilometres from the modern 
coastline. It is likely that the Glycymeris sp. valve was gathered on a beach.

In order to determine the chronology of the deposit, a Phorcus turbinatus shell was dated by 
radiocarbon, with a result of 6786 ± 34 BP (OxA-37038, δ13C: 2.0). As a marine species was dated, the 
reservoir effect has to be considered. The nearest Δ+R value to the Tarragona coast, established for 
Banyuls (Girona): Δ13: -118±6 (Siani et al. 2000), was applied. With the Marine20 calibration curve (Heaton 
et al. 2020), the calibrated age of the shell is 5552-5021 cal BC (7501-6970 cal BP).

Finally, together with these mollusc shells, four remains of echinoderms were documented. These 
are three plate fragments and a fractured spine of a sea urchin (Family Echinidea).3

Other archaeological evidence

Very few lithic objects were found during the excavation Solà del Pep and they add little information 
about the chronology or functionality of the site.

Only three objects have been recorded, as previously published by Vilaseca (1937: 254). They are 
a blade with a quite irregular trapezoidal cross-section, a blade fragment with a regular trapezoidal 
cross-section and a slight notch on the left side, and a fragment of a flake (Figure 4).

A hammerstone (Vilaseca's description -in catalan-: pedra plana de contorn arrodonit artificialment, 
d’arenisca de gra gros, probablement de formació marina relativament moderna, la qual amidava 12 
cm. d’amplària per 4 de gruix. Aquesta pedra té una part de la vora tallant, obtinguda gràcies a un cop 
d’esclatament donat a cada cara, i presenta un clot central poc profund. de 25 cm. de diàmetre. Fet a cops) 
and two macrolithic tools (Vilaseca's description -in catalan-: dos galets de quarsita aplanats, un de color 
fosc i l’altre rogenc amb més de mig contorn suprimit i escairat per cops aplicats normalment a les cares i 
amb senyals d’ús) are also cited in the Vilaseca´s publication (1937: 256). These three artefacts are not 
found in our revision of the site, but they could belong to both Neolithic or Mesolithic. In fact, they are 
common in the regional Mesolithic.

3. S. Vilaseca (1937: 256) only cites: 'Dos fragments d'un equínid (Strongylocentrotus?)'.

Figure 4 - Solà del Pep (Tarragona), 'lower' level. Lithic artefacts.
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A further two lithic artefacts were found on the hillside in front of the cave: a fragment of a laminar 
flake and preform of a leaf-shaped point. The references made by S. Vilaseca himself on the box labels 
does not allow these objects to be related to those found in the excavation: 'Esclat i punta de sageta de 
sílex blanc = falda de la coveta del Solà del Pep (Sota la Cova' [Flake and arrowhead in white flint = hillside 
of Cova del Solà del Pep (below the cave)]. This means that the arrowhead, possibly corresponding to 
the Late Neolithic, cannot be associated with the other objects that have been found and instead may 
have come from the disturbed surface level where some prehistoric potsherds were found.

Owing to their characteristics, the three pieces found in the lower level cannot contribute either 
chrono-cultural or techno-typological data. However, the lack of pottery in this level indicates it can be 
attributed to a pre-pottery time. In addition, as two of the three pieces are laminar, it also seems that 
they cannot be linked to the Notches and Denticulates Mesolithic (Ancient Mesolithic).

Discussion

Chronological attribution of the deposit

One of the main issues of the site is related to the radiocarbon date of a top snail shell (Phorcus turbinatus). 
The date of 6786±34 BP is unusual for the north-east of the Iberian Peninsula, and its calibration 
(5552-5021 cal BC: 7501-6970 cal BP) raises the question of the neolithisation of the area, which is not 
easily solved with the present data.

The uncalibrated date corresponds to the late Mesolithic, a time just before the arrival of the first 
Neolithic groups, which closely fits the characteristics of the archaeological assemblage. However, the 
calibration of the date with the correction of the reservoir effect for marine shells takes us to a slightly 
later time, in the Early Neolithic, which increases the difficulty in ascribing this level in Cova del Solà del 
Pep to a particular cultural period, especially when the archaeological remains are so scarce.

From the point of view of the material culture, some fragments of undecorated potsherds together 
with some Iberian pottery and human remains were cited for the “upper” level in the deposit (Vilaseca 
1937: 255). This seems to suggest that this level contains a mixture of remains from different periods, from 
the Late Neolithic to historical times. No evidence that can be attributed to the Early Neolithic has been 
documented among those remains. Vilaseca states that no pieces of pottery were found in the 'lower' 
level, where the remains studied here (mainly marine shells) were excavated. Therefore, the nature of this 
level means that the most plausible interpretation is to link it with the last hunter-gatherer populations.

The Mesolithic to Neolithic transition in Catalonia

In Catalonia, a relatively large number of archaeological sites contain levels dated in the Epimagdalenian 
and the Early Mesolithic. This contrasts with the almost total absence of levels attributed clearly to 
the Geometric Mesolithic (Recent Mesolithic). The Notches and Denticulates Mesolithic (Ancient 
Mesolitihic) is the only technocomplex dated between 9000 and 8500 cal. BP.

The so-called “Mesolithic Gap” in Catalonia lasted some 500 or 1000 years, between 8500 and 
7500 cal BP (Morales and Oms 2012). In that time, the only data comes from three sites although none 
of these occupations can be characterised precisely:

• Level 19/20 in Can Sadurni (Begues (8240–8000 cal BP), attributed to the Notches and 
Denticulates Mesolithic (Fullola et al. 2010), but without a detailed study. 

• A level in Cova del Vidre (Roquetes) (8240–7960 cal BP), where a lithic triangle was found 
(Bosch 2015), although its ascription to the Geometric Mesolithic is still unconfirmed.
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• Recent excavations in Coves del Fem (Ulldemolins), with several dates between 8040 and 
7200 cal BP may provide important information about this period (Bogdanovic et al. 2017). 
However, as occurs at Solà del Pep, the data are so scanty that they cannot provide sufficient 
information about the industry to be able to compare the site with other sites of the same 
age outside Catalonia.

Of these three sites, only Coves del Fem has been dated by radiocarbon to the transition 
between the last hunter-gatherers and the first Neolithic groups. Additionally, it should be noted that 
the date from Solà del Pep is about 300 years more recent than the oldest dates that have so far been 
obtained for the Neolithic in Catalonia at Guixeres de Vilobí (6655±45; OxA-26068, Ovis/Capra) and El 
Cavet (6536±36; OxA-26061, Triticum) (Martins et al. 2015; Oms 2017; Oms et al. 2014), i.e. c. 5580–5420 
cal BC. The date from Solà del Pep is similar to the dates of the Early Neolithic levels in Can Sadurni 
(Blasco et al. 2005; Edo et al. 2011) and Sant Pau del Camp (Molist et al. 2008).

Conclusions

Despite the large number of prehistoric sites that have been excavated in Catalonia in the twentieth 
and twenty-first centuries, information about the time immediately before neolithization is practically 
inexistent. It is clear that this scarcity of data cannot only be due to the erosion of levels or the lack 
of research interest in this period. It seems that the population of this region must have been quite 
small when the first farmers arrived (Morales and Oms 2012). However, it should be considered that on 
the coast, the most appropriate location for occupations at that time, the levels might now be several 
metres under the sea, which makes them very difficult to find.

Cova del Solà del Pep contains one of the few levels with an archaeological record dated in the 
early Holocene. The abundance of marine shells compared with other archaeological remains and the 
precipitated calcium carbonate on them means that it can be interpreted as a 'shell-midden' located a 
short distance from the shore, similar to those that existed on the Spanish shore of the Bay of Biscay 
in the Mesolithic. Although it is very likely that the smaller archaeological remains were not collected 
in the excavation process at Solà del Pep, the documented remains are indicative of an exploitation 
of the fauna at a time that is little known within Catalan prehistory. The marine mollusc remains show 
that human groups collected shellfish on the rocks in the inter-tidal zone (mostly top snails but also 
mussels, limpets and red-mouthed rock shells) and then took them to the cave, where they were 
probably consumed. Their diet also included roe deer, rabbits, and probably Spanish Ibex and wild boar, 
and therefore their hunting practices were not specialised. All these species of a temperate climate 
and open landscapes would have existed in the surroundings of the cave. In contrast, the small lithic 
assemblage from Solà del Pep is not very characteristic.

While the dated level has yielded very interesting archaeological evidence, the sedimentary 
context and the methodology of the 1930s excavation should not be forgotten. Although Vilaseca states 
that the level was clearly intact, with no pottery but macrolithic tools, the early time of the excavation 
and the lack of documentation about the methodology used means that the stratigraphy in the deposit 
needs to be re-examined and this level and its relationship with the surface level should be verified 
in situ. This is the only way to guarantee that the dated shell definitely came from the lower level, as 
explained in the original researcher’s descriptions, and that there was no disturbance or contamination 
from the upper level.

If this lower level at Solà del Pep is considered intact and this is a typical shell-midden, it would be 
of enormous interest for the Mesolithic to Neolithic transition as it is located in a region, the north-east 
of the Iberian Peninsula, where very little information about this period is known. This contrasts with 
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other neighbour regions, such as Lower Aragon and El Maestrazgo in Castellón and Teruel, where a high 
density of occupations has been documented.

In this way, the lower level in the cave would indicate that the territory was not completely empty 
when the first Neolithic colonists arrived. If this level is Mesolithic, the replacement of the foraging 
society by the farming economy in Catalonia would not have been as rapid as is thought. On the contrary, 
if only the radiocarbon date is considered and the occupation is attributed to the Early Neolithic, it is 
possible that farming groups used some caves as places where they processed and consumed marine 
resources (mainly molluscs) in a similar way to previous Mesolithic populations.

With the data presented here and bearing in mind the scarcity of information about the Late 
Mesolithic in north-east Iberia, Cova del Solà del Pep may represent the start of research on similar sites 
that can illuminate this complex transition between the last hunter-gatherers and the first farmers on 
the Mediterranean coast of the Iberian Peninsula. 
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Abstract
Praileaitz I cave is located on the northern Iberian Peninsula and preserves a long sedimentary deposit spanning between 21 
and 10 ka BP. Excavated since 2000, the use of the cave by humans seem to be different from other caves known in the Basque 
Country. The Lower Magdalenian singular anthropic remains suggests that this space would have been occupied most probably 
for worship activities instead of most common domestic purposes. The study of both macromammal and microvertebrate remains 
stresses the common use of this cave by both carnivores and avian predators.
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Introduction

The Vasco-Cantabrian region is worldwide known for its rich Palaeolithic archaeological heritage. The 
archaeological record shows that the population of the time display a certain interest in transcendental 
matters, as the abundant and variety of rock and cave art manifested – places like Ekain (Ochoa et al. 
2018), Danbolinzulo (Iriarte-Chiapusso et al. 2015) or Astuigaina (Iriarte-Chiapuso et al. 2017), among 
others. In Praileaitz I cave (Deba, northern Iberian Peninsula), archaeological remains such as lithic 
industry, stone tools and faunal remains are scarce when compared with other archaeological sites 
in the region – as those of Amalda (Altuna et al. 1990), Ekain (Altuna and Merino 1984), Santimamiñe 
(López-Quintana et al. 2011), among others. On the contrary, pigments, personal ornaments, and 
hearths are well represented (Peñalver et al. 2017a). All the evidence may suggest that ritual activities 
could have been performed in this cave although we can only guess the what they consisted of.

The excavations carried out between 2000 and 2009 in Praileaitz I cave revealed a singular 
sequence for the Vasco-Cantabrian region of Spain. The detailed results of these investigations were 
recently published in a monograph (Peñalver et al. 2017a). This paper presents the first archaeozoological 
synthesis combined with the data provided by other archaeological records (i.e. tools and ornaments). 
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Data will be compared with anthracological and palynological data from Praileaitz I cave in order to 
synthesize the study of palaeoenvironmental and archaeological information and reconstruct the 
occupational history of this unique cave. 

General setting and site description

The archaeological site of Praileaitz I is located in the municipality of Deba (Gipuzkoa, northern Iberian 
Peninsula), in the lower part of the Deba river valley (Figure 1a). It is located at 55 m.a.s.l, on the right 
bank of a meander formed near the mouth of the river. The cave opens onto the NE side of the Praileaitz 
hill, which is practically destroyed due to the presence of an active quarry (Figure 1b). From a geological 
point of view, the site is located in an area characterized by Aptian-Albian (Cretaceous) shelf carbonates 
with rudists (Urgonian Complex). The scarce vegetation of the area is composed mostly of Cantabrian 
Holm oak and mixed Atlantic Forest, together with large Pinus radiata plantations (Peñalver et al. 2017a).

Figure 1 - Location and general view of the site. a: Geographical location of Praileaitz I cave (Deba, Basque Country). 
b: General view of the limestone quarry in which the site is located. On the right, framed in white, you can see the 
exact location of the cavity. c: Plan view of Praileaitz I Cave (Deba, Basque Country). In dark grey the location of the 

squares where the sedimentological samples were retrieved. 
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The entrance of the cave, oriented NW, has a triangular shape and is 6 m high and 2.5 m wide at 
the base (San Jose et al. 2017). The cave runs approximately 100 m long in NE direction, and is divided into 
three independent, semi-circular, chambers joined by sub-horizontal vestibules. The entrance opens to 
a vestibule (an area of 34 m2 and a maximum height of 10.4 m), where the most complete stratigraphic 
sequence has been recorded. On the northwest, there is a small gallery named Northwest Gallery. To the 
south of the Vestibule, there is the access to the 1st Inner Room, of 43 m2, 7 m diameter, and a maximum 
height of about 2.25 m (Figure 1c). The 2nd Inner Room (42 m2 and a maximum height of 1.57 m) was 
completely covered by a stalagmitic crust. From this point, the cavity extends into various galleries that 
have not been excavated but contain cave paintings (García-Diez and Ochoa 2017). These are a set of 
red dots and lines spread randomly over the surface that are traced with the fingers. They have been 
considered Palaeolithic without any other marker to specify more accurately their chronology. 

The cave was discovered in 1983 by M. Sasieta and J. Arruabarrena, who carried out preliminary 
archaeological prospections during the 80s. These yielded scant lithic remains and some animal bones. 
Since 2000, and up to now, systematic excavations have been conducted focused on the use of the cave 
(Peñalver et al. 2017c). 

Material and methods

Excavation

During 2000-2009 field seasons, about 191 m2 from different areas of the cave were excavated using 
standard archaeological and palaeontological techniques (Peñalver et al. 2017b). In order to facilitate 
the understanding of the space, six excavation areas were defined: Ledge, Vestibule, Northwest gallery, 
Transit area between Vestibule and 1st Inner Room, 1st Inner Room and 2nd Inner Room (Figure 1b; 
see Appendix 1 for more information about the studied area). Since the works had been carried out in 
distant areas with different characteristics, the numbering of the layers do not correspond between 
zones, although they have been stratigraphically correlated with the establishment of standardized 
layers (see Appendix 2a and 2b).

More than 450 tool objects of a different kind were recovered (Mujika-Alustiza 2017), including 29 
perforated, and mostly decorated, lithic and bone pieces (Peñalver and Mujika-Alustiza 2017).

Chronology

Several samples from different fossiliferous layers and areas have been dated by different methodologies 
and laboratories (Peñalver et al. 2017b). The absolute datings obtained from bone remains or charcoal 
have been complemented with the archaeological information from the successive excavation 
campaigns. In this way, different phases of occupation have been identified, ranging from the Solutrean 
to the Epipalaeolithic (between 21 to 10 Ka BP; Appendix 3).

Palaeontology

More than 25.500 macromammal complete or fragmentary bones and teeth were recovered at Praileaitz I 
cave. Each remain has been studied individually and identified anatomically and taxonomically whenever 
possible (Castaños and Castaños 2017). The quantification was defined by the number of remains 
(NR) and the minimum number of individuals (MNI). In the case of certain species (Spanish ibex, wolf 
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and chamois), the minimum number of elements (MNE) and the minimum number of animal units 
(MAU) have been also analysed. Bones were measured following Driesch (1976).

Since sampling for micropalaeontological analysis was not carried out, some of the samples taken 
for the sedimentological study have been used to recover disarticulated small vertebrate fragments 
(Table 1). The sediment was processed with the water-screening method using a 0.5 mm mesh. The 
fragments were identified following the general criteria of systematic palaeontology (e.g. Bailon 1991, 
1999; Daams 1981; Heinrich 1978; Reumer 1984; Van der Meulen 1973). Specific attribution of the small 
vertebrates is based on the best diagnostic cranial and/or postcranial diagnostic element. The fossils 
were quantified using the MNI method, taking into account the side whenever possible. Additionally, 
with the fossil remains collected during excavation campaigns with a 2 mm sieve, we have estimated 
the distribution of remains throughout the Vestibule area, 1st Inner Room and 2nd Inner Room (Garcia-
Ibaibarriaga et al. 2017). In order to reconstruct the environment at Praileaitz I cave, we used the MNI of 
each small mammal taxa and their relative proportion in the assemblage, considering the autoecological 
affinities of each taxon in accordance with Cuenca-Bescós et al. (2008), Pemán (1985), and Sesé (2005). 

Results 

Macromammals

Out of +255.500 macrommal remains studied, 20.5% could be identified at the genus and/or species level 
(Castaños and Castaños 2017). Regarding the distribution of the remains according to areas (Table 2), the 
largest assemblage of remains (both determined and not determined) was recovered at the Vestibule 
(NR = 11.670, Identified NR= 2373). On the contrary, the Transit area has provided the smallest amount of 
remains (NR = 908, of which 82 were determined).

The 5247 remains identified correspond to 22 species, being ungulates the most abundant group 
(NR = 3690), represented by seven species (Figure 2, Table 2). The assemblage is dominated by Capra 
pyrenaica (NR = 2282), especially in the Solutrean and Lower Magdalenian levels of the Vestibule, Transit 
area and 1st Inner Room. Most of these remains (77.3%) correspond to immature individuals (i.e. infantile, 
juvenile and subadult age groups). Large bovids and reindeer are barely represented, while horse and 
roe deer are each represented by four and one remain, respectively. 

Identification Standardized Layer Area Chronology Sediment weight 

V1 1 Vestibule Superficial

1998,1 g

V2 3 Vestibule Superficial

V3 5 Vestibule Epipalaeolithic

V4 7 Vestibule Epipalaeolithic

V5 9 Vestibule Epipalaeolithic

V6 11 Vestibule Lower Magdalenian

V7 11 Vestibule Lower Magdalenian

S1 7 1st Inner Room Lower Magdalenian

1336,1 gS2 7 1st Inner Room Lower Magdalenian

S3 13 1st Inner Room Solutrean

Table 1 - Relation of the acronyms used for each small vertebrate sample from Praileaitz I cave (Deba, Basque 
Country), their stratigraphic location, chrono-cultural attribution and weight of the sediment.
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Carnivores are worse represented in terms of the number of NR (1519) but are nonetheless 
taxonomically more diverse with fourteen species recorded (Figure 2, Table 2). Canids are the best 
represented predators in Praileaitz I cave with fox as its main representative in all areas and levels, 
followed by felids. The presence of the mustelids is practically testimonial

Taphonomic analysis of macromammals evidenced that almost of the ungulates’ long bones are 
mostly complete and exhibit gnawing marks, especially in the epiphyses. More than 80% of the bones 
and teeth correspond to infant or juvenile individuals of deer, goat and Pyrenean chamois. Therefore, the 
assemblage has little or nothing to do with an accumulation of bones as result of a human consumption. 
In addition, the relative frequency of carnivores in the Ledge (NR = 25.8%) and the Vestibule (NR = 31%) 
is similar to that identified at other deposits that served exclusively as carnivore dens, such as Sima de 
Labeko Koba and Unikoté I (Castaños and Castaños 2017). Furthermore, the anatomical representation 
of carnivores indicates that most animals died in the cave, while in the case of the ungulates the skeleton 
is not complete, in view of the almost complete absence of backbones and ribs. For these reasons, we 
consider the large mammal assemblage of Praileaitz I primarily related with the predatory activity of 
different carnivores, mostly with canids. In general, human action is barely observed on bones. 

Figure 2 - Some large mammal fossil remains from Praileaitz I cave (Deba, Basque Country). a: Phantera pardus right 
mandible, labial view; b: Cervus elaphus left talus, plantar view; c: Cuon alpinus left mandible, lingual view.
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Small vertebrates 

Based on the residue extracted for the sedimentological study, we studied the small vertebrate 
assemblage from the Solutrean to the Mesolithic periods (Garcia-Ibaibarriaga et al. 2017). The assemblage 
comprises 83.662 identified and unidentified disarticulated bone fragments (teeth, isolated mandibles, 
skull fragments, and postcranial bones). The identified assemblage at the genus and/or species level 
correspond to 676 individuals (MNI), representing a total of 18 taxa (Figure 3 and 4; Table 3). 

When relative proportions of the different skeletal elements are observed, it is possible to 
differentiate two groups in the assemblage. In one group (samples from the 1st Inner Room and V1 
and V2) all the skeletal elements are represent, whereas in the second group some of them are missing 
(samples V3, V4 and V5). The relative proportion of isolated teeth is higher in the first group (nearly 60% 
of the remains). Regarding the distribution of the remains, in the Vestibule they were accumulated only 
in some squares, most probably related with the fact that birds of prey concentrate pellets around their 
nesting and roosting sites. On the contrary, in the inner rooms and samples V3, V4 and V5, bones and 
teeth are randomly distributed, suggesting a water flow transport of these remains from the Vestibule. 

The assemblages from each area of the cave provide evidence of different palaeoenvironments 
depending on the chronology. The samples from the 1st Inner Room (Solutrean and Lower Magdalenian) 

Area Ledge Vestibule NW gallery Transit area 1st Inner Room 2nd Inner Room

Taxon NR MNI NR MNI NR MNI NR MNI NR MNI NR MNI

Equus ferus - - 4 3 - - - - - - - -

Bovini sp. 18 4 5 3 1 1 - - - - 4 1

Capra pyrenaica 182 11 1115 21 454 7 46 4 119 6 366 5

Rupicapra pyrenaica 256 11 300 10 103 3 3 1 18 3 30 2

Cervus elaphus 76 5 321 12 142 4 7 2 45 4 63 3

Rangifer tarandus 2 1 3 3 2 1 3 2 1 1 1 1

Capreolus capreolus - - 1 1 - - - - - - - -

Ursus arctos - - 14 2 - - - - - - 7 1

Ursus spelaeus 26 4 6 4 2 1 - - - - 60 3

Ursus sp. - - - - - - - - - - 18 2

Crocuta crocuta 9 3 - - - - - - - - 5 1

Panthera pardus 8 2 6 1 13 1 1 1 2 1 - -

Lynx lynx 7 2 24 3 4 1 2 2 - - 2 1

Lynx spelaeus - - 3 1 - - - - - - - -

Lynx sp. - - 23 4 - - - - 8 2 - -

Felis silvestris 1 1 2 1 - - - - - - 1 1

Canis lupus 96 5 242 8 182 4 6 2 13 2 19 1

Cuon alpinus 7 2 17 4 8 2 - - - - - -

Vulpes vulpes 42 3 281 11 198 8 14 2 61 3 69 1

Meles meles 2 1 - - - - - - - - - -

Mustela nivalis - - 2 2 - - - - - - 2 1

Mustela putorius 1 1 - - - - - - - - - -

Mustela erminea - - 2 1 1 1 - - - - - -

Marmota marmota 15 - 2 - 19 5 - - - - 1 1

TOTAL 748 56 2373 95 1129 39 82 16 267 22 648 25

Table 2 - Number of remains (NR) and minimum number of individuals (MNI) of macromammals from 
Praileaitz I cave (Deba, Basque Country).
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Figure 3 - Some small mammal fossil remains from Praileaitz I cave (Deba, Basque Country). a-b: Microtus (Microtus) 
arvalis left m1; c: Microtus (Microtus) agrestis left m1; d: Microtus (Terricola) sp. right m1; e: Microtus (Alexandromys) 
oeconomus left m1-2; f: Chionomys nivalis left m1; g: Arvicola amphibius right m1-2; ha-h2: Clethrionomys glareolus 
right m3; i: Apodemus sylvaticus-flavicollis right m1-3; j: Glis glis right p4; k: Talpa sp. right humerus; l1-l2: Crocidura 
russula right mandible and; m1-m2: Sorex minutus left mandible and condyle; n1-n2: Sorex araneus-coronatus left 

mandible and condyle. Scale bars = 1 cm (figure k) and 1 mm (other figures).
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Area Vestibule 1st Inner Room

Identification V1 V2 V3 V4 V5 V6 V7 S1 S2 S3

Taxon NR MNI NR MNI NR MNI NR MNI NR MNI NR MNI NR MNI NR MNI NR MNI NR MNI

Arvicola cf. sapidus 1 1 - - - - - - - - - - - - - - - - - -

Arvicola amphibius - - - - - - - - - - - - - - 1 1 6 4 1 1

Microtus (Microtus) agrestis - - - - - - - - - - 32 21 - - 3 2 10 6 - -

Microtus (Microtus) arvalis - - - - - - - - - - 284 161 1 1 25 14 115 59 28 19

Microtus (Terricola) sp. 1 1 - - - - - - - - 41 27 1 1 28 17 31 18 15 10

Microtus (Alexandromys) oeconomus 1 1 - - - - - - - - 31 18 4 3 49 27 57 30 24 12

Clethrionomys glareolus 4 1 - - - - - - - - - - - - - - - - - -

Chionomys nivalis - - - - - - - - - - 12 6 - - 2 2 3 3 - -

Apodemus sylvaticus-flavicollis 70 9 13 3 3 1 2 1 1 1 - - - - 1 1 8 3 3 1

Glis glis 1 1 - - - - - - - - - - - - - - - - - -

Sorex araneus-coronatus - 6 10 1 2 1 - - - - - 41 - 4 - 20 - 45 - 22

Sorex minutus - 1 - - - - - - - - - 5 - 1 - 2 - 5 - 1

Crocidura russula - 8 - - - 1 - - - - - - - - - - - - - -

Talpa sp. - - - - - - - - - - - - - - - 2 - 4 - 1

Rana temporaria-iberica - - - - - - - - - - 22 3 - - 19 3 2 1 23 3

Bufo bufo - - - - - - - - - - - - 2 1 - - 3 1 8 2

Alytes cf. obstetricans - - - - - - - - - - - - - - - - - - 2 1

cf. Lacerta 1 1 - - - - - - - - - - - - - - - - - -

TOTAL 79 30 23 4 5 3 2 1 1 1 422 282 8 11 128 91 235 179 104 73

Table 3 - Number of remains (NR) and minimum number of individuals (MNI) of small vertebrate species from 
Praileaitz I cave (Deba, Basque Country).

Figure 4 - Some amphibian and reptile fossil remains from Praileaitz I cave (Deba, Basque Country). a: Alytes cf. 
obstetricans right ilium; b: Bufo bufo left scapula; c: Rana temporaria-iberica right scapula; d1-d3: cf. Lacerta trunk 

vertebrae. Scale bars = 0.5 mm (figures a-b) and 1 mm (figures c-d).
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are dominated by species associated with open humid areas, such as Sorex araneus-coronatus and Microtus 
(Alexandromys) oeconomus. These levels have provided the few amphibian and reptile remains recovered 
in the site. In the Vestibule, the open-meadow species are still dominant during the Lower Magdalenian, 
although Microtus (Microtus) arvalis prevails. Finally, during the Epipaleolithic, the few remains obtained 
belong to Apodemus sylvaticus-flavicollis, Sorex araneus-coronatus and Talpa sp., although the scarcity of 
the remains (MNI = 5) does not allow a proper palaeoenvironmental reconstruction.

Lithic and bone tools

The number of recovered lithic objects is less than 100 remains at each level, making a total of 416 lithic 
artefacts (Mujika-Alustiza 2017). With the exception of 16 bone elements, flint is clearly the dominant raw 
material. They are generally well preserved, since only 12 cases (3.1%) display an intense patina (Tarriño 
Vinagre 2017). This raw material was collected mostly from the Flysch (NR = 306), Treviño (NR = 14), 
Urbasa (NR = 10), and Chalosse (NR = 8), although flint from two other North Pyrenees sites has been 
identified anecdotally (Tercis, NR = 3; Salies-de-Béarn, NR = 1). The functional analysis applied to the lithic 
remains from the Lower Magdalenian level reveal their use in butchering processes (Clemente Conte et 
al. 2017). 

The bone industry is still more limited. It is worth highlighting a perforated baton found in the 
Vestibule because of its material (reed), shape (sinuous pattern) and the presence of two perforations 
(Mujika-Alustiza 2017). It belongs to the end of the Final Magdalenian or the beginning of the 
Epipalaeolithic (a bone sample from the same level was dated at 10740±50 BP).

Personal ornaments

The recovery of a set of pendants made with river stones of unique shapes is of a great intereset 
(D’Errico et al. 2017). All these remains correspond to the Lower Magdalenian, and they were found 
distributed throughout the Vestibule and the 1st Inner Room (Peñalver and Mujika-Alustiza 2017). 
Twenty-one of them present human-made perforations at one end, while other five display natural 
perforations. Additionally, 18 pendants were decorated with sets of notches on their edges or various 
patterns engraved on their flat faces. Fourteen elements were found in a series at the northwest of 
the 1st Inner Room, and considered as part of a necklace (Peñalver and Mujika-Alustiza 2017) or cloth 
decorating elements (D’Errico et al. 2017). Particularly noteworthy is a thin bright black pebble with a 
rhomboid shape, reminiscent of the rounded Palaeolithic 'Venus' figurines found in several locations 
throughout Europa (Peñalver and Mujika-Alustiza 2017).

Discussion

Palaeoenvironmental reconstruction

The Praileaitz I cave sequence is associated with a period from the beginning of MIS2, as well as the 
beginning of the MIS1. The sedimentological, and biotic studies provide information about the changes 
in the environmental conditions throughout the stratigraphic sequence. 

The charcoal data indicate the predominance of Quercus subg. Quercus in all the stratigraphic 
levels and a low taxa diversity (Ruiz-Alonso and Zapata 2017). This pattern suggests that the area was 
characterised by large forest masses of oaks. Based on ecological and biogeographical data, Quercus is 
well adapted to harsh climatic conditions, but in summer it requires moisture in the soil. Unfortunately, 
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too few pollen grains were recovered so that the study is considered statistically insignificant (fewer 
than 250 specimens) to make a comparison of palynological and anthracological records at Praileaitz I 
cave. The available data suggest the presence of open landscape with low forest cover dominated by 
pine during the Solutrean, and low presence of juniper and birch (Iriarte-Chiapusso 2017).

The microvertebrate assemblage attests all throughout the sequence to an environment clearly 
dominated by open landscape (Garcia-Ibaibarriaga et al. 2017), although there is a clear increase in 
the arboreal component from the base of the sequence (sample S3) to the top (samples V1 and V2), 
as suggested by the notorious increase of A. sylvaticus-flavicollis. Cold, rigorous climatic conditions 
during the Solutrean (sample S3) are evidenced also by the presence of the willow ptarmigan (Lagopus 
lapopus; Moreno-García 2017), species considered as indicative of cold climate during the Quaternary 
(Mourer-Chauvire 1993). The samples dated to the Lower Magdalenian (sample S2, S1, V7 and V6) 
indicate slightly warmer conditions. The few small vertebrates present in the Epipalaeolithic levels  
(A. sylvaticus-flavicollis, S. araneus-coronatus and Talpa sp.) can be associated with dense forest areas. 

The most abundant species among the ungulate remains are the Iberian ibex (Capra pyrenaica) 
and the chamois (Rupicapra pyrenaica), especially in the Solutrean and Lower Magdalenian levels. This 
is in agreement with the cave location in a rocky, mountainous area (Castaños and Castaños 2017) and 
the general climatic conditions. In terms of abundance, they are followed by red deer, which mostly 
inhabits open deciduous woodland or broadleaved woodland interspersed by large meadows (Lovari et 
al. 2016). In addition, cold-adapted species such as the reindeer (Rangifer tarandus) have been identified 
in levels with harsh climatic conditions, especially during the Solutrean.

Site function

The position of Praileaitz I is somehow strategic because of its location close to the coast corridor 
(currently flooded), which probably was used by hunter-gatherer groups as a transit area (Edeso-Fito 
and Mujika-Alustiza 2017). Human occupations of the cave were sporadic and most probably of seasonal 
character, as it is suggested by the abundance of carnivores throughout the entire stratigraphic 
sequence. 

The first well contextualized human evidences at Praileaitz I cave correspond to Solutrean and 
Magdalenian periods. The lithic and bone industry is rather scarce, but clearly attributable due to 
the recovery of remains assigned to these periods by their techno-typology. Because of this reason, 
Praileaitz I cave was probably used as a secondary settlement, dependent or related to other caves. In 
this way, the near sites of Urtiaga (Mujika-Alustiza 1993) or Ermittia (Esparza and Mujika-Alustiza 1999) 
have yielded more archaeological remains, despite the fact they have been also considered as seasonal 
settlements. 

Human occupation of the cave during the Lower Magdalenian remains sporadic, and not 
consistent with the characteristics of the hunting sites. No raw material processing sequence has been 
identified, neither other activities such as carcass processing. However, singular characteristics seem 
to occur. In this period, the Vestibule seem to have worked as the main occupational area, where a 
soil formed by abundant clasts of limestone of small size was probably created by anthropic activity 
(Peñalver et al. 2017c). Additionally, and distributed among different areas inside the cave, a variety 
of ornamental elements of remarkable homogeneity was found, some of them located near a hearth. 
These all findings do not seem to have a direct relationship with daily life, and might maybe they respond 
to worship activities that we are not able to fully identify at this point (Peñalver et al. 2017c). 

All in all, the cavity seem to have been recurrently visited but always sporadically during the Upper-
Final Magdalenian and Epipalaeolithic. This explains the scarce human activity, which was apparently 
restricted to the Vestibule, Transit Area and the 1st Inner Room. 



55

NEW TRENDS IN IBERIAN ZOOARCHAEOLOGY

Conclusions

Praileaitz I cave (Deba, Gipuzkoa) offer a remarkable sequence that begins in the Solutrean and spans to 
the Lower Magdalenian, Upper-Final Magdalenian and Epipalaeolithic. 

According to the taxonomic and chronological information from the different areas of the site, 
human presence in the cavity has been very sporadic, occasional, with short periods of occupation as 
suggested by the low number of industrial remains, slightly manipulated fauna and the low diversity of 
wood used as fuel. During uninhabited periods on the part of humans, the cavity was used as a den of 
different carnivores and as a birds of prey shelter. Therefore, it was used for short-term occupations 
involving few individuals and alternating with animal predators occupations, similar to what happens 
in relatively close deposits such as Astigarraga, Ekain, Amalda, Zerratu, Labeko Koba or Lezetxiki. The 
archaeological sequence described for the Lower Magdalenian depicts a more complex use of the cave, 
since the singularity of the remains (a large number of decorated pendants of unique characteristics, 
the formation of a soil and the reduced number of evidences recovered) pointed out that this space 
would have been occupied for non-domestic purposes, probably related to ritual activities.

The palaeoenvironmental reconstruction reported in this study indicates that hard and cold 
climatic conditions dominated at the base of the sequence, i.e. Solutrean, with significant humidity 
variations. These conditions seem to persist during Lower Magdalenian, though a trend towards a 
decrease in environmental humidity is observed. Finally, the arboreal component increases during the 
Epipalaeolithic, stablishing forest or woodland landscape.
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Appendix 1. Studied areas

Ledge

It represents the area located to the East of the entrance. Nineteen layers of 2 cm were excavated in 22 squares of 1x1 m, 
identifying six stratigraphic levels (named I-VI). Given the scarcity of lithic tools, it was not possible to establish a well-defined 
chronocultural sequence. Even so, two distinct phases were identified: the upper dated to Azilian-Final Magdalenian and the 
lower dated to the beginning of Upper Palaeolithic (40,225–38,853 cal BP).

Vestibule

This is a zone in which the excavation area has been widened on several occasions, especially after the removal of a large 
block of stone that obstructs part of the entrance. In total, 48 squares have been excavated in this area. The 26 layers were 
synthesized in seven archeostratigraphical layers (0-VI) that range from the Solutrean to the Epipalaeolithic. 

Northwest gallery

The excavated area affects to 17 squares. It has been excavated 19 layers that can be grouped into seven levels (levels I-VII). The 
accumulation of archaeological materials against the wall, and the specific characteristics of this space, suggest that the layers 
from this area do not have a direct relationship with those identified in the Vestibule, except for Level V (related with Level IV 
from the Vestibule). 

Transit area between vestibule and 1st Inner Room

Like the Vestibule, this zone was excavated in several phases of successive extensions. The excavated area has affected to 17 
squares, including a hearth of large extension. The 26 layers can be grouped into five levels (I-V) that extended from Solutrean 
to Epipalaeolithic. 

1st Inner Room

The archaeological works in this zone were carried out at 48 squares. Five levels (I-V) were differentiated in this room, which 
have been dug into 16 layers. Three of these levels have been adscribed to a cultural period: Epipalaeolithic (Level II), Lower 
Magdalenian (Level IV) and Solutrean (Level V).

2nd Inner Room

A large stalagmitic column occupies 10 squares, totally or partially, in the centre of the room. Even so, the excavated area has 
affected 42 squares. Eighteen layers, divided into nine stratigraphic levels, have been differentiated (levels I-IX). The deposit of 
this area may have been altered, with the sediment being probably transported by water flow from more outer areas of the 
cave. 
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Appendix  2. 

STANDARDIZED 
LAYER

EXCAVATED AREA

Ledge Vestibule Northwest gallery Transit area 1st Inner Room 2nd Inner Room 
0 0 0

1 I I I

I

I
I

Concretion
2

II I

II II

II

3 III

4
III

II IV5
6 IV

Concretion III

7
IV II IV

I

IV

IV
8

II

9

V

III
V IV-V-VI

10

VI

IV-V-VI

11
IV

IV-V-VI

12 IV-V-VI

13
V

IV-VI

14
VII

15 IV

VII
16

VI

VIII-IX

17 III VIII-IX

18
IV

IX

19
20 IV

21

V V

22
23
24
25
26 VII

LEVEL
EXCAVATED AREA

Ledge Vestibule Northwest gallery Transit area 1st Inner Room 2nd Inner Room 
0 Mixed Mixed

I Azilian-Final 
Magdalenian Superficial

Epipalaeolithic-
Lower 

Magdalenian
Superficial Superficial Epipalaeolithic

II Azilian-Final 
Magdalenian Epipalaeolithic

Epipalaeolithic-
Lower 

Magdalenian
Epipalaeolithic Epipalaeolithic Epipalaeolithic

III Azilian-Final 
Magdalenian

Upper-Final 
Magdalenian

Epipalaeolithic-
Lower 

Magdalenian
Upper-Final 

Magdalenian Epipalaeolithic

IV Initial-Upper 
Palaeolithic

Lower 
Magdalenian

Epipalaeolithic-
Lower 

Magdalenian
Lower 

Magdalenian
Lower 

Magdalenian Epipalaeolithic

IV-V-VI Epipalaeolithic

IV-VI Epipalaeolithic

V Initial-Upper 
Palaeolithic Solutean Lower 

Magdalenian Solutean Solutean

VI Initial-Upper 
Palaeolithic Gravettian

VII Gravettian Middle Palaeolithic

VIII Solutrean

IX Solutrean
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Level Area Material Lab. code C14 Date Cal BP Cultural period

IV 2nd Inner Room Charcoal GrA-38340 8800±35 9940-9678 Epipalaeolithic

II 1st Inner Room Quercus GrA-28030 8840±45 10156-9734 Epipalaeolithic

II 1st Inner Room GrA-38266 8845±40 10157-9740 Epipalaeolithic

IV 2nd Inner Room Charcoal GrA-38794 8925±40 10100-9914 Epipalaeolithic

II Transit area Charcoal GrA-28028 8940±50 10216-9912 Epipalaeolithic

VIII 2nd Inner Room Quercus GrA-44404 8985±45 10238-10119 Epipalaeolithic

II 1st Inner Room Charcoal GrA-28031 9010±50 10250-10122 Epipalaeolithic

II 2nd Inner Room GrA-38267 9200±40 10440-10248 Epipalaeolithic

IV 2nd Inner Room GrA-38265 9225±40 10505-10260 Epipalaeolithic

II Transit area Littorina saxatilis KIA-39657 9320±40 10660-10404 Epipalaeolithic

II Transit area Littorina obtusata KIA-39658 10560±50 12662-12410 Epipalaeolithic

II Vestibule GrA-28029 10740±50 12738-12594 Epipalaeolithic

III Vestibule Rangifer tarandus BETA 341897 12920±50 15666-15231 Upper-Final Magdalenian

IV Vestibule Bone GrA-20462 14700±100 18153-17614 Lower Magdalenian

IV Vestibule Bone BETA 162880 15190±50 18611-18310 Lower Magdalenian

IV Vestibule Bone BETA 162880 15300±50 18720-18428 Lower Magdalenian

IV Vestibule Bone GrA-20464 15460±100 18920-18516 Lower Magdalenian

IV Vestibule GrA-24685 15530±100 18982-18578 Lower Magdalenian

IV Vestibule GrA-24688B 15810±110 19396-18827 Lower Magdalenian

IX 2nd Inner Room Baton BETA 341898 17530±70 21440-20919 Solutrean

V Vestibule Bone BETA 16279 17760±70 21785-21244 Solutrean

V Vestibule Bone BETA 16279 17850±70 21860-21390 Solutrean

V Vestibule GrA-24687 19330±150 23680-22890 Solutrean

IV Transit area Cervus elaphus BETA 341896 22900±110 27492-27004 Gravettian

VI Northwest gallery GrA-28025 25320±40 29774-28976 Gravettian

IV Ledge Panthera pardus BETA 341895 35010±280 40225-38853 Chatelperronian

VII 2nd Inner Room Ursus spelaeus Racemization 50100 Middle Palaeolithic

Appendix  3



SMALL VERTEBRATES FROM THE CHALCOLITHIC CONTEXTS 
OF PENEDO DO LEXIM (MAFRA, PORTUGAL): 
A CASE STUDY OF ROCK SHELTER 'LOCUS 3'

Carlos Pimenta
LARC /Laboratório de Arqueociências da DGPC, EnvArch/CIBIO/InBIO
cpimenta@dgpc.pt

Martina Monteiro 
Universidade Nova de Lisboa / Faculdade de Ciências Sociais e Humanas
martina.monteiro @gmail.com

Marta Miranda 
Câmara Municipal de Mafra
arqueopedagogia@cm-mafra.pt

Ana Catarina Sousa
UNIARQ - Centro de Arqueologia da Universidade de Lisboa , Faculdade de Letras da Universidade de Lisboa
sousa@campus.ul.pt 

Abstract
This paper analyse the small vertebrates recovered from the rockshelter 'Locus 3' (S.U. 4) of the fortified settlement of Penedo 
do Lexim, Mafra, dated to the Middle Chalcolithic (without Bell Beaker). The 550 remains that compose the sample include four 
Taxonomic Classes: Amphibia, Reptilia, Aves (Passeriformes) and Mammalia. A minimum number of 82 individuals have been 
identified, among which there is a high predominance of the order Rodentia. The Habitat Weighting Method has been applied 
to our sample and to the emblematic contemporary sites of Castro do Zambujal and Leceia, aiming to get some knowledge on 
the palaeoecological conditions prevailing in the Portuguese Estremadura during the Chalcolithic. The taxonomic composition 
identified at Penedo do Lexim shows some differences with Castro do Zambujal and Leceia, reflecting the coexistence of two 
bioclimatic domains – Atlantic and Mediterranean. Our results are consistent with the paleobotanical data obtained through the 
study of charcoal remains recovered in the rock shelter.

Keywords
Small mammals, Environmental analysis, Chalcolithic Estremadura, Portugal.

Introduction

Penedo do Lexim is located in the parish of Igreja Nova, Mafra, Lisbon (latitude 9º25’34.2588’’, longitude 
38º 53’21.8003’’, altitude 232 m asl). The archaeological site is situated on a volcanic chimney on the left 
margin of the Ribeira de Cheleiros watercourse. This ‘natural’ fortification, which visually dominates the 
surrounding landscape, is structured in three large platforms: 1. the upper platform, corresponding to 
the core of the site; 2. the intermediate platform located on the middle slope area, including multiple 
loci enclosed by rocky outcrops and 3. a lower platform, at the base of the site (Sousa 2010) (Fig. 1). 
Although archaeological materials were initially recovered back in the 19th century (Veiga 1879), it was 
not until the 1970s when José Morais Arnaud (Arnaud et al. 1971; Arnaud 1974-75) carried out the first 
archaeological works and later on, between 1998 and 2004, one of us (ACS) directed  an interdisciplinary 
research project (Sousa 2010) (Fig.1).

The first phases of occupation of Penedo do Lexim dates back to the Late Neolithic (locus 1 and 4) 
but the main occupation phase of this site dates from the Early Chalcolithic (c. 2800 BC). During the third 
millennium, this 'natural' fortification records the appearance of walls and towers, with two fortification 
lines defending the upper and intermediate platform. In the three platforms, natural loci were occupied 

PIMENTA, Carlos, MONTEIRO, Martina, MIRANDA, Marta, SOUSA, Ana Catarina (2022) - Small vertebrates from the chalcolithic contexts of Penedo do Lexim 
(Mafra, Portugal): a case study of rock shelter 'Locus 3'. In In Valente, Maria João, Detry, Cleia, Costa, Cláudia (eds.), New TreNds iN iberiaN Zooarchaeology. Estudos 
& Memórias 19. Lisboa: UNIARQ - Centro de Arqueologia da Universidade de Lisboa, p. 61-76. 
https://doi.org/10.51427/10451/54939
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Figure 1 - Left side, top: Map of Portugal; bottom: Location of the fortified enclosures in Estremadura (map by André 
Texugo). 1: Outeiro Redondo, 2: Rotura, 3: Chibanes, 4: Liceia, 5: Penha Verde, 6: Olelas, 7: Penedo do Lexim, 8: 
Moita da Ladra, 9: Zambujal, 10: Castelo, 11: Pragança, 12: Vila Nova de S. Pedro, 13: Columbeira; Right side, top: 

General view of the Penedo do Lexim settlement; bottom: Plan of the archaeological sectors and the wall line.

Figure 2 - Left: Locus 3 before and after excavation. Right: Plan of Locus 3 showing the location of square E9.
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and domestic structures (Loci 0, 1, 2, 3, 3b) were built and used. The settlement was abandoned at the 
end of the Chalcolithic to be occasionally reoccupied in the Late Bronze Age and the Roman period (Loci 
1 and 6) (Sousa 2010). 

In the intermediate platform, several rock-shelters were recorded (some of them were probably 
destroyed by the quarry). The most important of this rock-shelters, Locus 3, is located on the eastern 
slope of the site, in the intermediate platform. This locus, excavated between 1999 and 2003, presents a 
very small rock shelter (less than 2m3), surrounded by a slope and small platform. (Fig.2)

One (S.U. 4) of the two stratigraphic units identified during the excavation of Locus 3 featured 
abundant archaeological materials, including human bone fragments corresponding to a minimum 
number of three individuals, artefacts (pottery, knapped stone, polished stone, beads, polished 
bone), shell (Miranda 2005; 2006) and faunal remains. Radiocarbon dating of some of those human 
remains (Table 1) indicates that all these finds can be ascribed to the so-called Middle / Late Chalcolithic 
occupation of Penedo do Lexim. This chronology is also indicated by the ceramics recovered in this 
rock-shelter (Sousa 2010).

The study of microvertebrates as a method of research and analysis in different fields of archaeology 
(biochronology, bio-stratigraphy and paleoecology) has gained considerable importance over the last 
decades and has been addressed in several synthesis studies (e.g. Cuenca-Bescós et al. 2016). This paper 
aims at studying the sample of small vertebrates recovered in square E9 of S.U. 4, Locus 3, as an auxiliary 
means for the paleoecological assessment of the Chalcolithic occupations of the Penedo do Lexim site, 
in order to compare it with the faunal samples from two coeval sites of Portuguese Estremadura - Leceia 
(Cardoso et al. 1996) and Castro do Zambujal (Storch and Uerpmann 1976).

The present paper is part of a cooperation program with the current LARC (Archaeological 
Laboratory of the General Direction of Cultural Heritage) to study the assemblage of small vertebrates 
from Penedo do Lexim. 

Material and Methods

Thanks to the fact that all sediments from the rock shelter were dry sieved using a fine mesh (3 mm), a 
significant assemblage of small vertebrates was recovered in square E9. The LARC reference collections 
(Moreno García et al. 2003; Pimenta and Moreno García 2004) were used for the identification of the 
herpetofauna (Amphibia and Reptilia classes), Birds (Passeriformes) and Mammals (Eulipotyphla and 
Rodentia orders). Moreover, bone and teeth measurements of modern specimens housed at the Museu 
Nacional de História Natural e da Ciência (MNHNC) in Lisbon were additionally taken in order to enlarge 
the comparative osteometric and odontometric data. All remains were observed through a Binocular 
lens Olympus SZ 60. Teeth and mandibles were measured using a Dino-light Edge Digital Microscope 
AM791MZTL.  All amphibian, reptile and bird osteological elements were sorted, separated and counted. 
In the case of the small mammals (Eulipotyphla and Rodentia orders) the following quantification 
criteria were performed:

Ref. Lab. Sector Context Sample δ13C(0/00) Conventional 
date (BP) Date cal 1 s Date cal 2 s

Beta-186855 3 S.U. 19 bone (Homo sapiens) -19,6 3850 ±40 2400-2220 2460-2200

Table 1 - Absolute dating results.
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. Eulipotyphla order: Within the Soricidae only cranial elements (crania and mandibles) were 
sorted and quantified. In the Talpidae family only one left humerus was identified in the sample.

. Rodentia order: in the Cricetidae (Genus Microtus) and Muridae (Genus Apodemus and Mus) 
families all the first lower molars (m1), loose or still in the mandibles, were sorted and quantified 
according to their laterality. In the Gliridae family (Genus Eliomys), all cranial and limb diagnostic 
elements (1 humerus and 2 tibias) were sorted and quantified (Vigne 1995).

The diagnostic criterion used to identify Greater white-toothed shrew Crocidura russula was the 
height of the coronoid process (Saint Girons et al. 1979; Lopéz García 2008); for Lusitanian pine vole 
Microtus (Terricola) lusitanicus and Mediterranean pine vole Microtus (Terricola) duodecimcostatus, the 
relation between total length and pitymyan rhombus width, measured in T4 and T5 in the first lower 
molars (López García 2008), was used. These criteria were tested and confirmed against modern vole 
populations samples of MNHNC (Pimenta 2014). The identification of Algerian mouse Mus spretus 
(Lataste 1883) was based in the morphology of the first lower molars as well (Darviche and Orsini 1982).

The relative abundance of the represented species is based on the Minimum Number of Individuals 
(MNI), which was calculated taking into account the laterality of the most frequent osteological or 
odontological elements (Andrews 1990). The taxonomic nomenclature follows the norms summarized 
by Reitz and Wing (1999). 

As mentioned above, we compared the sample from Penedo do Lexim with the samples recovered 
from Castro do Zambujal and Leceia, applying the Habitat Weighting Method (Evans et al. 1981; Andrews 
2006). This method is based on the knowledge and assessment of the ecological requirements of the 
different present-day species, assigning to each of them a percentage distributed over the different 
habitats where they may occur in Iberia: Open Dry (OD), Open Humid (OH), Woodland and woodland 
margin areas (Wo), Rocky areas (R) and areas surrounding Water (W).

The percentage contribution of each species to each habitat where it occurs is the basis for 
calculating its 'weight' in an archaeological sample, taking into account its percentage representation 
in the Minimum Number of Individuals of that sample. In the present study, despite the fact that the 
Penedo do Lexim assemblage includes vestigial remains of herpetofauna (Amphibia and Reptilia) and 
birds (Passeriformes), only micromammals (Eulipotyphla and Rodentia orders) were considered, since 
the Mammalia class is the only one recorded in the samples of Leceia and Castro do Zambujal.

Results 

The assemblage analysed here is composed of 550 disarticulated bone fragments and isolated teeth 
of which 65% were identified to four Taxonomic Classes: Amphibia, Reptilia, Aves and Mammalia, 
corresponding to a minimum number of 82 individuals (Table 2).

The Mammalia class is the best represented. The Eulipotyphlawith two species: Talpa occidentalis 
and Crocidura russula and the Rodentia with five species: Microtus (T.) lusitanicus, Microtus (T.) 
duodecimcostatus, Apodemus sylvaticus, Mus spretus and Eliomys quercinus) account for 92.6% of the 
total MNI, while amphibians, reptiles and birds (Passeriformes) account for the remaining 7.4% (Table 2).

The herpetofaunal assemblage

A single amphibian (Salamander Salamandra salamandra – 1 vertebra) and nine reptile skeletal elements 
(Lizard Timon lepidus – 1 proximal humerus fragment; unidentified snake (Colubridae) – 8 vertebrae) 
compose the herpetofaunal assemblage. The three taxa represented use natural cavities as shelter or 
refuge in distinct contexts of seasonal humidity / temperature (Fig. 3 – Nos. 1, 2 and 3).
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The avian assemblage

The birds (Passeriformes) are represented only by 3 bones and 2 individuals: 2 complete unidentified 
phalanges (belonging two different medium size Passeriformes species) and one right humerus with 
morphological and metrical characteristics akin to the Sylviidae (songbird family, consisting of numerous 
species of small dull-coloured birds found in a variety of habitats) (Fig. 3, no. 4). 

Systematic
Bone / Elements Side NISP MNI 

Class Order Family Species 

Amphibia Caudata Salamandridae Salamandra salamandra Vertebrae - 1 1

Reptilia Squamata 
Lacertidae Timon lepidus Humerus L 1 1

Colubridae Ni Vertebrae - 8 1

Aves Passeriformes
Ni Ni Phalanx - 2 2

Sylviidae Ni Humerus R 1 1

Mammalia 

Eulipotyphla

Talpidae Talpa occidentalis Humerus L 1 1

Soricidae Crocidura russula 

Skull - 4

14
Mandible 

R 8

L 14

Identified elements ( Eulipotyphla ) (66%) - 27 -

Unidentified post cranial elements ( Eulipotyphla ) (34%) - 14 -

Rodentia 

Cricetidae 

Microtus (Terricola) lu-
sitanicus 

Skull - 25

44 

Mandible 
R 29

L 31

Mandible with m1 
R 24

L 28

m1
 
isolated 

R 3

L 16

Microtus (Terricola) duo-
decimcostatus 

Mandible with m1 R 2

3 Mandible with m1 L 1

m1
 
isolated R  1 

Muridae 

Apodemus sylvaticus 

Skull - 2

8 

Maxilla R 2

Mandible R 2

Mandible with m1 
R 8

L 1

Mus spretus 

Maxilla  
R 2

4 

L 2

Mandible with m1 
R 2

L 3

m1
 
isolated L 1

Gliridae Eliomys quercinus 

Mandible L 1

2
Humerus R 1

Tíbia 
R 2

L 1

Identified elements (Rodentia) (63%) - 190 -

Unidentified post cranial elements (Rodentia) (37%) - 114 -

Unidentified elements in total sample (35%) - 192 -

TOTAL 550 82

Table 2 - Systematics of identified and unidentified remains from Penedo do Lexim: Number of Identified 
Specimens (NISP) and Minimum Number of Individuals (MNI) determination. L: left; R: right; Ni: not identified.
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The mammal assemblage

Mammal remains include a total of 216 identified remains and a Minimum Number of Individuals (MNI) 
of 76. The Eulipotyphla order is represented by two species: 1 fragmented left humerus of Iberian mole 
(Talpa occidentalis), an endemic species of the Iberian Peninsula, and 26 cranial elements (4 skulls and 22 
mandibles) corresponding to a MNI of 14 specimens of Greater white-toothed shrew (Crocidura russula) 
(Fig. 3, nos. 5 and 6). It also includes 14 elements of the post cranial skeleton (long bones of the forelegs 
and hind limbs), which, according to the above referred methodology, were only quantified. 

The Rodentia order integrates five species (Fig. 3 – nos. 7, 8, 9, and 10). The Cricetidae family 
includes two species: the Lusitanian pine vole (Microtus (T.) lusitanicus), at 44 individuals, represents 58% 
of the small mammal assemblage; its remains include 25 skulls, 112 mandibles (both with and without 
teeth) and 19 isolated lower first molars; the Mediterranean pine vole (Microtus (T.) duodecimcostatus) 
is represented by 3 individuals (3 mandibles with m1 and 1 isolated m1tooth) only reaching 4%. For the 
differentiation of these two species, as indicated in section 2 - Material and Methods, the odontometric 
parameters of the first lower molar teeth (m1) from the Penedo do Lexim sample were compared with 
present-day specimens of different regions of Portugal from the collections of the Museu Nacional de 
História Natural e da Ciência de Lisboa (Fig. 4). Portuguese Estremadura is located in the sympatric 
area of their present-day geographical distribution (Santos et al. 2009). Laboratorial experiments and 
genetic studies indicate hybridisation between these sister species (Bastos-Silveira 2012; Cerveira et al. 
2018) and justify its presence in the same sample.

Figure 3 - Small vertebrates from S.U. 4, Locus 3, Penedo do Lexim. 1 – Salamander Salamandra salamandra vertebra; 
2 – Lizard Timon Lepidus proximal femur fragment in dorsal vue; 3 – Colubridae vertebra; 4 – Sylviidae right humerus 
in cranial vue; 5 - Greater white-toothed shrew Crocidura russula right mandible in labial vue; 6 – Iberian mole Talpa 
occidentalis fragment of left humerus in cranial view; 7 – Detail of  right mandible (with M1 and M2) of Lusitanian pine 
vole Microtus (Terricola) lusitanicus in occlusal vue; 8 – Detail of right mandible (with M1, M2, M3) of  Wood mouse 
Apodemus sylvaticus in occlusal vue; 9 – Detail of right mandible (with M1, M2, M3) of Algerian mouse Mus spretus in 

occlusal vue; 10 – Garden dormouse Eliomys quercinus distal fragment of right humerus in caudal view.
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The Muridae family is represented by two species: the Wood mouse (Apodemus sylvaticus); 
2 skulls, 2 right upper jaws, 2 right mandibles without teeth and 9 mandibles that retained the first molar), 
totaling 10.6% of the small mammal assemblage, and the Algerian mouse (Mus spretus); 4 upper jaws, 
5 mandibles with the first molar and 1 isolated first molar) corresponding to 5, 3% of the small mammal 
assemblage.

Finally, the Gliridae family is represented by the Garden dormouse (Eliomys quercinus), a species 
identified by 1 left mandible without teeth and 4 bones of the appendicular skeleton (1 right  humerus, 
2 right and 1 left tibias) (Figs. 3 and 5).

Taphonomic remarks 

Even though this paper was not aimed at carrying out an exhaustive taphonomic study, the detailed 
observation of the elements that compose the sample has revealed relevant information for the 
characterization of the studied assemblage.  The characteristics of the rock shelter where these remains 
were recovered do not match the set of features one would expect to find in a shelter used by medium/
large birds. Instead, the biological diversity of the sample, combined with the presence of gnaw marks on 
some bones (Fig. 5) suggests the activity of a small/medium generalist carnivore exploiting the various 
trophic resources in the surrounding habitats. From this perspective, the Mustelidae family includes 
species that fit such characteristics, two of which stand out: the weasel (Mustela nivalis), a specialized 
predator of small rodents (especially Microtinae - voles) that is known to balance the scarcity of its prey 

Figure 4 - Diagnostic criteria to differenciate the sister species based on two odontometric parametrs: Lusitanian pine 
vole and Mediterranean pine vole. The first molars mensurements of  Penedo do Lexim individuals are compared with 

medium values of Portuguese present-day populations.
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of choice by consuming eggs, small birds, insects, lizards and amphibians (Gisbert and Santos Reis 2007), 
and the beech marten (Martes foina) whose typically generalist diet varies throughout the year, being 
based mainly on micromammals (Apodemus, Microtus), medium and small birds (Turdus, Erithacus) and 
may also consume small reptiles (Reig 2007). In fact, few Mustela sp. remains were recorded among the 
large and medium-sized mammal assemblage (Moreno García and Sousa 2015b). 

Towards a regional paleoecological reconstruction 

The knowledge of the ecological status of today’s faunal heritage is the result of decades of research 
developed by thousands of biologists and environmental researchers (Palomo et al. 2007, Bencatel 
et al. 2017). It may be also a precious working tool for zooarchaeologists aiming to reconstruct past 
environments. From this perspective, the Habitat Weighting Method (Evans et al. 1981; Andrews 2006) 
that has already been applied to the study of Iberian and Moroccan small mammal assemblages (Cuenca-
Bescós et al. 2009; Lopez-García et al. 2011, 2013, 2018; Stoetzel 2013) could be a useful analytical approach 
to aid us with the palaeoecological interpretation of the faunal sample recovered in the rock shelter 
located in Locus 3 of Penedo do Lexim, as well as in other nearby Chalcolithic sites, namely Castro do 
Zambujal (Driesch and Boessneck, 1976) and Leceia (Cardoso et al. 1996). Thus, our results will hopefully 
contribute to improve our knowledge of the prevailing environment in the Portuguese Estremadura 
during the Chalcolithic. Although, a number of issues related to the origin of the accumulations and the 
recovery methods need to be considered before assessing the patterns obtained in each of the three 
analysed assemblages (Table 3 and Fig. 6). 

In the case of Penedo do Lexim, we are dealing with a homogeneous assemblage, recovered from 
the same stratigraphic unit, a waste dump context (Sousa 2010). In Leceia, the sample was recovered 
from a set of three combustion structures, unearthed in the interior of as many dwellings, and also 
from deposits accumulated in open-air conditions during periods of abandonment of the Chalcolithic 
settlement (Cardoso et al. 1996). In Castro do Zambujal, the small mammal remains were recovered 
from the occupation floors (Storch and Uerpemann, 1971). With regard to the recovery methodologies, 
the Penedo do Lexim sediment was dry sieved using a 3 mm mesh (Sousa 2010). In Castro do Zambujal, 
a 4 mm mesh was also used for dry sieving (Storch and Uerpemann 1971) while in Leceia, water sieving 

Figure 5 - Taphonomic observations. (The arrows signal impact points). Left to right. 1 - Lizard Timon Lepidus proximal 
humerus fragment in cranial view. 2 – Sylviidae detail of right humerus in caudal view. 3 – Lusitanian pine vole Microtus 
(Terricola) lusitanicus detail of right mandible of in labial view. 4 – Garden dormouse Eliomys quercinus distal fragment 

of left humerus of in caudal view.
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was performed using a 0.5 mm mesh (Cardoso et al. 1996), which is the most appropriate method for 
recovering microvertebrate remains. This circumstance is reflected in the composition of the samples, 
especially in the deficient recovery of isolated teeth of rodent species with brachiodont dentition 
(Muridae and Gliridae families) as well as of the Eulipotyphla specimens (Table 3). Moreover, in the Castro 
do Zambujal sample the Mus musculus species (a commensal species) was removed, and the percentages 
were recalculated on the basis of a total of 52 specimens (MNI 63-11 domestic mouse (18%) = 52). 

Penedo do Lexim (1)

Represented Species     MNI= 76 % MNI OD OH Wo R W
Talpa occidentalis 1,3 - 0.75 0.25 - -

Crocidura russula 18.5 0.3 0.3 0.3 0.1 -

Microtus (T.) lusitanicus 58 0.25 0.50 0.25 - -

Microtus (T.) duodecimcostatus 4 0.25 0.50 0.25 - -

Apodemus sylvaticus 10.5 0.2 0.2 0.5 0.1 -

Mus spretus 5.2 0.35 0.35 0.2 0.1 -

Eliomys quercinus 2.5 - 0.5 0.5 -

TOTAL 100 1.35 2.6 2.25 0.8 -

Leceia (2)

Represented Species     MNI= 69 % MNI OD OH Wo R W
Talpa occidentalis 1.4 - 0.75 0.25 - -

Crocidura russula 1.4 0.3 0.3 0.3 0.1 -

Microtus (T.) duodecimcostatus 13.1 0.25 0.50 0.25 - -

Arvicola cf sapidus 1.4 - - - - 1.0

Apodemus sylvaticus 21.8 0.2 0.2 0.5 0.1 -

Mus spretus 58 0.35 0.35 0.2 0.1 -

Eliomys quercinus 2.9 - - 0.5 0.5 -

TOTAL 100 1.1 2.1 2.0 0.8 1.0

Castro do Zambujal (3)

Represented Species     MNI= 63 % MNI OD OH Wo R W
Galemys pyrenaicus 1.6 - - - - 1.0

Talpa caeca (T. occidentalis) (4) 1.6 - 0.75 0.25 - -

Crocidura suaveolens 1.6 0.3 0.3 0.3 0.1 -

Microtus (T.) lusitanicus 5 0.25 0.50 0.25 - -

Microtus (T.) duodecimcostatus 5 0.25 0.50 0.25 - -

Microtus (I.) cabrerae 1.6 0.25 0.50 0.25 - -

Arvicola sapidus 1.6 - - - - 1.0

Apodemus sylvaticus 26.2 0.2 0.2 0.5 0.1 -

Mus musculus 18 0

Eliomys quercinus 37.8 - - 0.5 0.5 -

TOTAL 100 1.25 2.75 2.3 0.7 2.0

(1)  - Without herpetofauna and birds remains (present study).

(2)  - Without rabbit (Oryctolagus cuniculus) originally published in the Table 1 (Cardoso et al. 1996)

(3)  - Without small bat Pipistrellus sp. (Driesch and Boessneck 1976)

(4) - Although in the original study the Blind mole Talpa caeca was recognized (Driesch and Boessneck 1976), we consider that  
it was the Iberian mole Talpa occidentalis, the unic Talpidae  present in Portugal, identified in all archaeological portuguese 
sanples. The Blind mole have an oriental mediterranean distribution in Europe.

Table 3 - Small mammals represented in 3 settlements of Portuguese Estremadura and their percentage values 
distributed by the five habitats that may be distinguished in Iberia: Open Dry (OD), Open Humid (OH), 

Woodland and woodland margin areas (Wo), Rocky areas (R) and areas surrounding Water (W).
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Table 3 and Figure 6 show the relative percentage of the small mammals in the three habitats 
according to the estimated MNI in each sample.

Water

Despite the relative proximity of the Ribeira de Cheleiros, 12 kms distant from the Atlantic Ocean, the 
aquatic environment is hardly noticeable in Penedo do Lexim, as opposed to what happens at the other 
two sites. The sample from Castro do Zambujal features an interesting aquatic animal, the Pyrenean 
desman (Galemys pyrenaicus), this being the unique credible archaeological record of this endangered 
species ever recorded in Portugal (Cabral et al. 2005) and the Southern water vole (Arvicola sapidus) 
also identified in the Leceia sample. 

Rocky

Rocky habitats are present in the three sites, reflecting the predominance of the regional substrates, 
as well as the fact that the samples were taken from fortified settlements where the surrounding 
geological resources were used as construction raw materials, as attested by the presence of Eliomys 
quercinus in all sites, along with ubiquitous species like Apodemus sylvaticus, Mus spretus, Crocidura 
russula and Crocidura suaveolens. It is particularly relevant in the Castro do Zambujal (25.37%) due to 
the strong representation of Eliomys quercinus, reaching 37.8% of the sample. The rocky percentage of 
9.57% in Leceia is mainly due to the weight in the sample of two ubiquitous species likely to occur in this 
habitat - Mus spretus (58%) and Apodemus sylvaticus (21.8%). The scarce representation of the species 
that can be associated with the rocky habitat - Crocidura russula (18.5%), Apodemus sylvaticus (10.5%), 
Mus spretus (5.2%) and Eliomys quercinus (2.5%) contributed to the Penedo do Lexim percentage (4.67%).

Woodland

Forest environments are well represented in the three settlements and are particularly relevant in 
Zambujal (42.86%), based on the predominance of Eliomys quercinus and Apodemus sylvaticus, two 
species that are strongly associated with this type of habitat. The high percentage of woodland is partly 
due to the presence of a varied set of species likely to occur in the outskirts of forests, such as Talpa 
caeca (Talpa occidentalis see Table 3, note 4) Crocidura suaveolens, Microtus (T.) lusitanicus, Microtus (T.) 
duodecimcostatus and Microtus cabrerae; the latter was identified at Zambujal but is absent from the 

Figure 6 - Small mammal habitat assemblage by Chalcolithic settlement in Portuguese Estremadura.
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other sites (see Table 3). These results are consistent with data published by the end of the last century: 
'With regard to the animal component of Zambujal’s subsistence economy, the high proportion of pigs 
in the recovered bone remains indicates an extensive use of oak forests, which must have covered large 
areas of Estremadura during the Chalcolithic period. The same ecological niche was probably used for 
cattle breeding, which was the most important meat resource in the settlement (quoting from Driesch 
and Boessneck 1976: 107).' (Uerpmann 1995). The values reached in Leceia (27.99%) and Penedo do 
Lexim (28.92%) are very similar, being sustained by the same species, with the exception of Microtus (T.) 
lusitanicus which does not occur in Leceia.

Open humid

The existence of open areas characterized by soft and moist soils with good herbaceous cover is 
confirmed in all samples, being particularly relevant in Penedo do Lexim (41.44%) where Microtus (T.) 
lusitanicus represents 58% of the total sample, a percentage that also reflects the presence of a number 
of other species such as Talpa occidentalis (1.3%), Crocidura russula (18.5%), Microtus (T.) duodecimcostatus 
(4%), Apodemus sylvaticus (10.5%) and Mus spretus (5.2%). The low value observed in Castro do Zambujal 
(16.82%) is related to the characteristics of the sample, as mentioned above, dominated by forest 
micromammals. In Leceia, where this habitat reaches 32.69%, the same species recorded in Penedo do 
Lexim also contribute to the total, Mus spretus being the main contributor, at  58% of the sample’s total.

Open dry

When compared to the previous habitat, the drier open areas are less significant in the three sites. In 
Leceia, where they reach 28.35%, the strong presence of Mus spretus, a ubiquitous species also frequent 
in these areas, shows a strong presence once again. The same set of species (with the exception of 
Microtus (T.) lusitanicus) contributed to the 24.97% percentage recorded in Penedo do Lexim (see Table 
3). The low percentage of O. dry recorded in Castro do Zambujal (11.4%) is based on the presence of the 
same group of small mammals, also including the presence of Microtus (I.) cabrerae.

According to these observations, the small mammal association in the three settlements 
suggests an environment composed by a mosaic of landscapes where open humid and dry soil areas 
represented 66.41% and 61.04% in Penedo do Lexim and Leceia, respectively. The characteristics of 
the Castro do Zambujal sample (where these habitats represent only 27.86% together), as mentioned 
above, evidence a high influence of two forest species (Eliomys quercinus and Apodemus sylvaticus). 
The woodland areas were an important resource for hunting and wood, representing 28.92% in Penedo 
do Lexim, 27.99% in Leceia and 42.86% in Castro do Zambujal. 

Due to its geographical characteristics (relief, sun exposure, hydrographic network, among 
others), Portugal and in particular the Portuguese Estremadura, is influenced by two climates/
environments which in turn determine the distribution of flora and fauna. On the one hand, the 
Mediterranean climate is characterized by high mean temperatures, long and hot summers, moderate 
winters with low precipitation, featuring habitats such as the 'garrigue' (heath dominated by small 
shrubs; dry in the summer) and the 'maquis' (degraded ancient forest dominated by a dense bush, 
important as a source of firewood and to prepare the basis of the dung used in agriculture). On the 
other hand, the Atlantic climate with the influence of the ocean helping to mitigate the summer heat 
and drought is much more humid and provides abundant rain which feeds the groundwater layers 
determinant to the vitality of watercourses (Ribeiro 1997).
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The gradual humanization of the territories from the Neolithic onwards, involving the 
mobilization of land for agriculture, which entailed tree-felling and burning, combined with increased 
pastoral activity and early mining operations, resulted in an increasingly significant reduction of forest 
patches, especially in the immediate surroundings of the settlements. With the domestication of plants 
and the introduction of new animal species, new habitats were created and used in an opportunistic 
or adaptive way by native species, along with the involuntary introduction of new species, such as 
the genus Mus, which includes the only two exogenous species present in the three samples: Mus 
spretus and Mus musculus (Crucci 2000). It is interesting to note that Mus musculus was recorded in the 
Castro do Zambujal, a situation that indicates the strong presence of the urban environment where 
this commensal species holds 18% of the total sample. Both in Penedo do Lexim and in Leceia, Mus 
spretus was the only identified Muridae. This is a species adapted to typically Mediterranean, low-
humidity environments, with some preference for open spaces, low scrub areas, rocky environments 
with herbaceous vegetation and dry-farming areas, which avoids contact with humans (Palomo 2007; 
Bencatel et al. 2017). Actually, it is the dominant species in Leceia, with 58% of the total sample, a 
situation that seems to indicate the presence of a markedly more arid environment. 

Another interesting fact is the identification of the Lesser white-toothed shrew Crocidura 
suaveolens in the Castro do Zambujal. Although this is a species that occurs in a wide variety of habitats 
on the Iberian Peninsula, it has a preference for areas of Atlantic influence, always occupying the humid 
environments in Mediterranean regions (Rey 2007; Bencatel et al. 2017). In Leceia the presence of the 
Great white-toothed shrew Crocidura russula is vestigial (1.4%) while it occurs in a much more significant 
percentage (18.5%) in Penedo do Lexim. This is also a ubiquitous species, although it has a marked 
preference for environments with a strong Mediterranean character (Lopéz-Fuster 2007; Bencatel et 
al. 2017). 

As mentioned above, the presence of Pyrenean desman (Galemys pyrenaicus) in these latitudes 
is the only known example of the presence of this species in the zooarchaeological record in Portugal 
so far. This information is important for the knowledge of the past biogeography of this endangered 
species (Cabral et al. 2005), currently confined to some well-preserved watercourses of the northern 
Iberian Peninsula (Nores et al. 2007; Paupério et al. 2017).

In sum, the analysis of the qualitative and quantitative composition of the small mammal 
assemblages from these three archaeological sites, located in Portuguese Estremadura within a radius 
of only a few dozen kilometres, and dating from the Chalcolithic period, have enabled the observation 
of some paleoenvironmental differences. Penedo do Lexim, with the largest sample (MNI = 76 
micromammals), shows a predominance of taxa more influenced by Atlantic conditions. This is reflected 
in the strong presence of fossorial species which require soft soils with high humidity. More than half 
of the sample is occupied by Microtus (T.) lusitanicus (58% of the total), a frequent species in habitats 
featuring such kind of soils and a good coverage of herbaceous plants (Mira and Mathias 2007; Paupério 
et al. 2017). In Leceia (MNI = 69), the same percentage (58% of the total) is occupied by Mus spretus, a 
species adapted to environments of a markedly Mediterranean nature (Javier Palomo 2007; Paupério et 
al. 2017). The presence of Microtus (T.) duodecmcostatus (13.1%), which also shows a preference for the 
same climatic domain, suggests that, despite its proximity to the sea, Leceia would be under a markedly 
Mediterranean influence. Castro do Zambujal features the smallest assemblage, in quantitative terms 
(MNI = 63), but also it is the one that showed the greatest diversity (10 identified species). This suggests 
that the sample has different characteristics. On one hand, the significant presence of Mus musculus 
(18% of the total) reflects the presence of an urban environment (not perceptible in the other samples) 
and, on the other hand, this is a strong sign of the presence of forest environments, where Eliomys 
quercinus and Apodemus sylvaticus account for 64% of the assemblage.

The study of charcoal remains recovered in Locus 3, S.U. 4 of Penedo do Lexim (Paula Queiroz 
cited in Sousa 2010) resulted in the identification of botanical species (trees and shrubs) with Atlantic 
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ecological preferences, like  evergreen conifers, the Atlantic pine (Pinus pinaster) and the Scots pine 
(Pinus sylvestris), some Ericaceae and some other species with Mediterranean ecological preferences, 
like the Strawberry tree (Arbutus unedo), Kermes oak (Quercus coccifera), Evergreen oak (Quercus ilex 
rotundifolia), Olive (Olea europea) and species of flowering plants from the Cistaceae family, for example  
(Bingre et al. 2007).  These results are totally compatible with the small mammal faunal spectrum 
described in the present study. 

Conclusions

During the Chalcolithic period, Portuguese Estremadura would feature a mosaic of landscapes, in the 
intersection of the Atlantic and Mediterranean climatic influences. The description of these environments, 
so well assimilated and transmitted by Orlando Ribeiro (Ribeiro 1987, 1997; Ribeiro, Lautensach and 
Daveau 2000), results from the overlap and intensification of human activities, combined with the natural 
characteristics of this territory - geology, orography, hydrography - thus creating the conditions for the 
presence of a great diversity of habitats reflected in the associations of microvertebrates described 
here. All species identified in the study of the faunal sample from Locus 3 exist today in the Penedo 
do Lexim environment. The comparison with other Chalcolithic small mammal samples from the same 
region and chronology using the Habitat Weighting Method resulted in an interesting exercise and is a 
proposal to be developed in future studies. 

Archaeology is a vast interdisciplinary research front. In this field, the combination of information 
generated by different domains, especially data obtained through the study of organic remains is of 
the utmost importance. From this perspective, Archaezoology is a research area that enables to 
recognize not only the relationship between people and animals in the past but also to learn about 
the environmental changes related with our development and also to reconstruct the biogeographical 
distribution of the species. Microvertebrates are only a part of the large picture which quantitative 
and qualitative representation in the samples requires the application of efficient recovery methods 
worthwhile to be improved in our country as this paper has hopefully shown. 
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Abstract
This paper presents the fauna of the site of La Minilla (La Rambla, Córdoba, Spain), one of the few Copper Age ditch-enclosures 
identified in the Middle Guadalquivir River Valley. The site was discovered as a result of the chance find of Bell-Beaker vessels most 
likely linked to burials. Its features comprise two ditches (up to 3 m deep) containing the remains of a great quantity of domestic 
animals: pigs followed by cattle and caprines. Wild taxa are also present: red deer, aurochs and birds such as the great bustard 
and the barn owl. Radiocarbon analyses of the faunal remains yield dates spanning the mid-third millennium cal BC, a period 
coinciding with the peak of ditch-enclosure settlements in southern Iberia.

Keywords
Ditch enclosures, faunal remains, Copper Age, Middle Guadalquivir Basin, Radiocarbon

Introduction

Ditch enclosures are undoubtedly one of the phenomena that currently sparks most interest among 
researchers of the Late Prehistory of the Iberian Peninsula as construction of these monumental features 
required deliberate planning and mobilisation of a labour force. Moreover, it is difficult to distinguish 
the chronological phases of unstratified Neolithic and Copper Age settlements in the region as they 
share similar archaeological 'negative' features such as ditches, postholes and silo-type features. The 
exceptions are those containing artefacts trapped in their filling. 

The difficulty of correlating or comparing these types of sunken features with other types of 
elevated domestic or productive drywall features, has led, in the opinion of the authors of this paper, 
to interpretative errors (Garrow 2012). In this regard there are enough parallels from different time 
periods and regions that evidence the idea that these types of features served for defence or to delimit 
settlements and areas of production, as opposed to alternate explanations (Márquez and Jiménez 2012).

With a few notable exception, the oldest published examples of these types of ditch enclosures in 
the Guadalquivir River Basin date from the second half of the 4th millennium cal BC. They are located in 
the Basin’s central and easternmost sectors at Los Pozos (Higuera de Arjona, Jaén) (Hornos et al. 1990), 
Llanete de los Moros (Montoro, Córdoba) and Torreparedones (Baena, Córdoba) (Martín de la Cruz et al. 
2004; Cunliffe and Fernández 1999). More recent ditch enclosures dating to the Middle Copper Age 
(3rd millennium cal BC) are identified at the vast settlement of Marroquíes Bajos (Jaén) associated with 
masonry walls and bastions at Casa del Tabaco (El Carpio, Córdoba), at Marinaleda (Seville), at Papa 
Uvas (Huelva), and at the large settlement of Valencina de la Concepción (Seville) (Aranda et al. 2016; 
Martínez 2013a; Martín de la Cruz 1986; Mederos et al. 2016). 

MARTÍNEZ SÁNCHEZ, Rafael M., RUIZ LARA, Dolores (2022) - Bones in ditches: animal remains at the Copper Age enclosure of La Minilla (La Rambla, Andalusia) 
in the Middle Guadalquivir Valley. In Valente, Maria João, Detry, Cleia, Costa, Cláudia (eds.), New TreNds iN iberiaN Zooarchaeology.. Estudos & Memórias 19. Lisboa: 
UNIARQ - Centro de Arqueologia da Universidade de Lisboa, p. 77-97. 
https://doi.org/10.51427/10451/54939
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The debate as to the nature of these features is fundamental when approaching the question of 
the chronology of their fillings. From the outset there is evidence that they contain a great number of 
bioarchaeological remains, mainly mammals (Costa 2013), and even some humans (Nicas and Cámara 
2017), suggesting in some cases a more or less quick backfilling. These animal finds are frequently 
interpreted as consumption waste based on cutting marks and thermo-alterations. Yet it is not advisable 
to come to hasty conclusions as to the origin of the filling processes of these types of structures. 
Interpreting the processes of the fillings, in fact, should only be advanced in specific cases where the 
conditions allow unquestionable results. The current analysis, based on fauna unearthed in different 
campaigns of the 1980s, fulfils these conditions as the fills of the enclosures can be sequenced with a 
high degree of accuracy.

The site of La Minilla

La Minilla is in the Province of Córdoba in the northern urban area of La Rambla (Fig. 1). The site, at an 
altitude of 358 m, is in a landscape marked by rolling hills and marly soils. At a biogeographical level, 
it corresponds to the Thermomediterranean bio-climatic stratum with potential (and relict) vegetation 
composed of Quercus ilex, Olea europaea, Pistacia lentiscus, Nerium oleander and Chamaerops humilis. Today, 
nonetheless, the region is anthropized and serves mostly for agriculture (cereal and olive production).

The site was discovered in 1985 after the chance find by schoolchildren of Bell Beaker artefacts 
(two vessels, a bowl and a copper awl) in a hypogeum (Ruiz Lara 1985). These finds (grave goods?) led 
to rescue excavations in 1986 and 1989 directed by one of this paper’s authors (DRL). 

The features brought to light include two parallel ditches oriented roughly East-West. The campaign 
of 1986 focused on a first ditch (ditch AB) 2.10 m wide and 3.10 m deep. Beside the ditch was a Prehistoric 
pit and several other more recent features (pits or silos) dating to the Late Middle Ages. The fill of the 
ditch contained four to five main layers labelled 1, 1A, 1B, 2 and 3 to East, and 1, 1A, 2 and 3 to West (Ruiz 
Lara 1987).

Another test pit was subsequently sunk in 1989 a dozen meters to the South-East of the sector of 
the previous campaign. It uncovered two parallel ditches about 9 m apart. The first (D-1), 1.30 m wide and 
2.40 m deep (layers 1, 1A, 2, 2A, 3, 3A and 4), is in fact an extension of the initial ditch unearthed in 1986. 
The second measures about 2 m wide and 1.40 m deep (Ruiz Lara 1991) (Fig. 2). The artefacts contained 
in their filling points to an important occupation dating to the Middle-Late Copper Age (Ruiz Lara 1992) 
and suggests an initial occupation toward the Early Copper Age. No further archaeological excavations 
were carried out at the site.

At the time of the second archaeological intervention it was not possible to determine the 
nature and extent of the ditches or to map their entire contours. However, given their appearance 
and orientation, the structural remains could correspond to a Chalcolithic settlement ditch enclosure 
extending throughout an area of the plateau of the current municipality. Unfortunately, there is no 
reliable data as to finds of other ditches in the area that can confirm this hypothesis.

Methodology 

The study applied the common methodology (Martínez 2017) besides resorting to comparative 
collections, notably that of the Archaeobiology Laboratory of the CCHS-CSIC of Madrid and that of the 
LARC (Laboratório de Arqueociências of Lisbon), belonging to Direção Geral do Património Cultural. 
Measurements were taken in mm following the usual metric criteria in Zooarchaeology (Driesch 1976; 
Popkin et al. 2012), differentiating goat and sheep according to the diagnostic features presented in 



79

NEW TRENDS IN IBERIAN ZOOARCHAEOLOGY

Figure 1 - Aerial view of the site (white square) with insert of the Iberian Peninsula indicating the site's position.

Figure 2 - Plan of the structures and their cross sections (different scales).
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the most recent research (Boessneck 1969; Zeder and Lapham 2010; Zeder and Pilaar 2010; Halstead 
and Collins 2002). Ages were determined by dental eruption and wear patterns (Grant 1982; Horard-
Herbin 2000; Zeder 2006) in the case of goats, cattle, pigs and dogs, and by epiphysis fusion (Habermehl 
1961). Sex was determined for pigs on the basis of dentition (Mayer and Lehr 1988), while ruminants 
were determined by the morphology of the horncore and pelvic regions (Sykes and Symmons 2007; 
Greenfield 2006; Prummel and Frisch 1986). Cattle were also determined by metapodial morphology 
and their associated formulas of calculation (Howard 1963). Cattle, goat and pig withers height were 
identified by means of published methods (Matolcsi 1970; Teichert 1969). MNI (minimum number of 
individuals) was calculated considering the side and the preserved portion of each limb bone, cranial 
part and permanent tooth, bearing in mind skeletal maturity and age range. For molluscs, considering 
the presence of apex or first part of the spire for gastropods, and valve side (left or right) for freshwater 
bivalves, including the presence/absence of umbo or lateral or cardinal teeth.

Faunal remains

The zooarchaeological finds were stored in a municipal warehouse until their study in 2015. The 
assemblage consists of 1228 bone, teeth, antler and shell fragments (15 kg) in an excellent state of 
preservation, often whole as they were not subject of trampling or diagenetic pressure. This points 
to a rapid backfilling of the ditches. The 103 remains from the medieval silo (A S2), including domestic 
chicken bearing metal blade cutting marks, were excluded from the study. Another group, identified as 
B S3, corresponding to a silo connected to the Ditch AB, bore the same characteristics, patina, colour 
and taxa of the other finds of the Prehistoric assemblage. Moreover, certain elements of this group in 
some cases could be cross-fitted with fragments recovered in 1986 in Ditch AB.

Ditch Level Nf Sus Bos Bop Oc Cah Ova Caf Cee Orc Lep Fes Mel Homo Tyt Ott Rum Dru Cym Marg Pot Unio

A/B 
1986

1 35 2 7  - 6  - 3 1 1 1 - - -  - - - -  -  -  -  -  -

1A 177 20 8 2 12 2 2 4 4 8 2 - -  -  -  - 15  -  - 1  -  -

1B 10 2 1  -  -  -  -  -  -  -  -  - 1  -  -  - 1  -  -  -  -  -

2 231 11 10  - 10  - 2 3 7 46 2 1  - 1  -  - 40 3  -  -  - 3

3 148 53 9  - 18  - 8 1 5  - 1  -  -  -  -  - 3  -  -  -  -  -

Z-1 
1989

1 8 1 1  -  -  -  -  - 1 1  -  -  -  -  -  -  -  -  - 1  - 1

2 5  - 3  -  -  - 1  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

2A 9 3 3  - 1  -  -  - 2  -  -  -  -  -  -  -  -  -  -  -  -  -

3 8 2  - 2 1  - 3  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -

3A 15 8 2 1 1  - 2  - 1  -  -  -  -  -  -  -  -  -  - -  -  -

4 132 28 24 1 27 11 21 1 5 1  -  -  -  -  -  -  -  - 3 4 1  -

Z-2 
1989

1 69 23 14  - 5  - 7 13 5  -  -  -  -  -  -  -  - -  -  -  -  -

2 172 51 48 1 26 1 5 4 10 1  -  -  -  -  - 3  -  -  - 1  -  -

2A 32 6 13  - 5 1 1  - 2  -  -  -  -  - 4  -  -  -  -  -  -  -

B S3  74 20 13 1 9 1 3  - 6  -  -  -  -  -  -  - 3  -  -  -  - 1

A S2  103  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - -  -

Total  1228 230 135 8 121 16 58 27 49 58 5 1 1 1 4 3 62 3 3 7 1 5

Table 1 - Number of fragments (NF) by taxa (NISP), ditch and level (or SU). SUS, pigs; BOS, cattle; BOP, aurochs, 
OC, caprines; CAH, goat; OVA, sheep; CAF, dogs; CEE, red deer; ORC, rabbit; LEP, hare; FES, wild cat; MEL, 
badger; HOMO, human; TYT, Barn owl; OTT, great bustard; RUM, Rumina decollata; DRU, Drusia valencienni; 

CYM, Cymbula safiana; MARG, Margaritifera auricularia; POT, Potomida littoralis; UNIO, Unionoida indet.
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Most of the fauna was stratified in the intermediate (Ditch 2) and lower levels (Ditch AB-1) of 
the ditches (Table 1). These include bones bearing traces of thermo-alteration (82), cutting marks (17), 
fresh fractures (in part probably due to trampling; 27), and a few cases showing signs of weathering or 
subaerial exposure (4). Traces of commensal animals or scavengers as taphonomic agents, by contrast, 
are observed on 21 remains, including two probably linked to digestion. The proportions of cases 
potentially linked to scavengers in both ditches remain, nonetheless, insignificant.

The high rate of identification (73%) of the remains is due to their excellent state of preservation. 
The assemblage includes 84 malacological fragments and a total of 12 species of domestic and wild 
mammals, as well as one human cranial small piece, two birds and five terrestrial, freshwater and marine 
mollusks (Table 2). 

Table 2 - Taxa and groups identified. LSM, Large Size Mammal; LMSM, Large-Middle Size Mammal;  
MSM, Middle Size Mammal; MSB, Middle Size Bird; SSVERT, Small Size Vertebrate, UNI, Undetermined.

TAXA NISP NISP % MNI g

Sus scrofa d/f. 224 30.35
31.16 11

3155.8

Sus scrofa f. 6 0.81

Bos taurus 156 21.14
22.22

5 5827

Bos t. primigenius 8 1.08 2 467

Caprinae 121 16.4

26.43

5 836

Ovis aries 58 7.86 9 736

Capra hircus 16 2.17 3 177

Canis l. familiaris 27 3.66 2 167.5

Cervus elaphus 49 6.64 2 1529

Lepus granatensis 5 0.88 1 7.5

Oryctolagus cuniculus 58 7.86 4 47.8

Felis sylvestris 1 0.14 1 1.5

Meles meles 1 0.14 1 1

Homo sapiens 1 0.14 1 3

Otis tarda 3 0.41 1 18

Tyto alba 4 0.54 1 2

Mollusca NISP NISP % MNI g

Margaritifera auricularia 7 8.33 2 37

Rumina decollata 62 73.81 62 60

Drusia valencienni 3 3.57 3 1.5

Patella sp. 3 3.57 1 2.1

Potomida littoralis 1 1.19 1 7

Unionoida 5 5.95 - 5.5

Helicidae 3 3.57 - 1.5

Undetermined vertebrates NF NF % - g

LSM 40 13.25 - 287

LMSM 55 18.21 - 290.5

MSM 160 52.98 - 358

MSB 2 0.66 - 1

SSVERT 3 0.99 - 1

UNI 42 13.91 - 58.5

ToTal 1124 - - 14086.7
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Suids (Sus scrofa)

The 230 pig remains, corresponding to just over 31% of the mammals, constitute the largest group of 
the assemblage. It is also the greatest MNI with 11 individuals of both sexes. Thus, according to the 
degree of eruption and wear of the molars in jaws per individual, the age of slaughter appears to range 
between that of subadults and young adults, coinciding with the eruption and the outset of wear of the 
third molar (M3). This indicates an optimum weight corresponding to young specimens and evidences a 
common pattern linked to meat exploitation (Fig. 3, bottom). These data are also corroborated by the 
degree of fusion of the appendicular skeleton.

The partial conservation of the upper and lower jaws and damaged canine alveolus does not 
allow to clearly correlate age and sex cohorts, although there are two adult females and a subadult 
male. This could indicate a greater interest in retaining females for breeding, an observation that is 
frequent in Late Prehistory contexts (Hadjikoumis 2011). In any case, this pattern of slaughter seems to 
be in line with that observed at other regional contemporary sites such as Valencina de la Concepción 
(Hain 1982), Zambujal (Torres Vedras, Portugal) (Albarella et al. 2005) or Perdigões (Costa 2013).

The osteometric indices suggest specimens between 0.70 and 0.79 m in height at the withers 
(N=6). The presence of wild individuals cannot be ruled out due to certain large teeth (lower M3 L> 
36 mm). This notion is also bolstered by six finds of larger appendicular elements.

Figure 3 - Patterns of the age of slaughter gleaned from jaw analyses (top: sheep; bottom: pigs).
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Caprines (Ovis/ Capra)

The number of caprines (195), including goats, sheep and undetermined, is second only to pigs. Domestic 
goat (Capra hircus) is represented by 16 bone fragments with three adults between two and four years 
old, whereas, sheep (Ovis aries) has 58 remains corresponding to an MNI of 9 specimens. These include 
at least one male and two females with poorly developed horncores. The male is characterised by a 
very thick horncore fragment with signs pointing to a possible amputation as wells as traces of bone 
regeneration. The slaughter patterns indicate an age preference of about two years. Five individuals 
subject to this age pattern are identified from jaw teeth eruption and wear (Fig. 3, top).

This is clearly indicative of a choice of meat consumption resulting from the slaughter of young 
specimens (including females) at their optimum weight. Moreover, the slaughter of females at the 
outset of their reproductive life suggest a type devoid of usable wool. This focus on meat rather than 
wool (or milk) is observed elsewhere in Europe in Neolithic and Copper Age contexts (Ryder 1981), as 
well as at various Copper Age sites of Western Europe (Serjeantson 2011). The withers height of these 
animals is estimated at about 0.70 m (67.4-71.7, N = 2).

Bovines (Bos taurus/ Bos primigenius) 

Cattle bones make up 22% of the identified remains of mammals and dominate in total weight, getting 
close to 50% of identified vertebrates. 157 are classified as domestic cattle, while eight, from metric 
criteria, are considered wild species (aurochs). Based on appendicular remains, the MNI of the 
assemblage is five. The morphology of the pelvis, the thickness of the pubic bone and acetabular region, 
and the morphometrics of the metapodials indicate a majority of females. Only a single metatarsal 
reveals intermediate values   between the sexes. 

The pattern of the slaughter of cattle indicates adults, at times of advanced age. Jaw teeth 
eruption and the degree of wear suggests one individual between four and five years and two between 
five and seven. Subadults are evidenced by unfused bones such as a first phalanx, a calcaneus, a proximal 
humerus, at least two distal metapodials, a proximal radius in the process of fusion, as well as several 
vertebral epiphyses. None of the appendicular elements (joints or the distal third of the extremities) 
reveal evidence of eburnation, enthesopathy, or any marker of infectious patterns or overexertion. 
In fact, none of the 37 phalanges bear this type of evidence in their rear and front quarters. These 
observations suggest that cattle did not serve for labour, an argument that contrasts with findings from 
other regions of the Mediterranean (Isaakidou 2006) indicating a priority toward breeding and milking. 
Based on the metapodials (N=5), wither size varied between 1.14 and 1.21 m.

The absence of males among the domestic cattle suggests that certain of the eight cases identified 
as aurochs could in fact be large male domestic bovines. Yet classification as aurochs is more probable 
as the dimensions of their proximal scapula (GLP 98 mm) exceed by far those of the domestic cattle 
known for the period in Andalusia. These very fragmented auroch remains belong to individuals of a 
wide age range, including a subadult with an unfused distal epiphysis metacarpal.

Red deer (Cervus elaphus)

Red deer is the only cervid recorded in the site. The 49 remains represent a little more than 6% of the 
total mammalian remains, with a higher representation by weight (12% of identified vertebrates). Limb 
bones biometry point to a female and a male, one of which is a subadult. Furthermore, the ditches have 
yielded scraps of antlers indicating that this type of material was also exploited (probably in the form of 
sheddings) (Martínez 2019).
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Carnivores

Carnivores are represented by one domestic and two wild species. There are two dogs (27 remains 
from Ditch 2; only 3.69% of total mammals) that bear very similar morphometric characteristics: young 
adults between about two and four years (based on lower masticatory system wear). Due to their 
fragmentary state, it is not possible to estimate their withers height with precision. Yet their mandibular 
morphometry and general appearance clearly indicate that they are very similar to those of Camino 
del Molino (Caravaca, Murcia) (Catagnano 2016). This size is also dominant at Camino de las Yeseras 
(Madrid) (Daza 2017) and Martos-La Alberquilla (Jaén) (Riquelme et al. 2012). The animals must therefore 
be middle sized, with massive, robust jaws and little diastema between the lower premolars (Fig. 4). 
The few other carnivores are represented by a badger (Meles meles) mandible and a right mesodistal 
humerus of a subadult wild cat (Felis sylvestris).

Figure 4 - Ditch AB, pig cranial remains; ditch 2, dog jaws.
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Leporids

This group is dominated fundamentally by rabbit (Oryctolagus cuniculus). A total of 58 remains from 
four individuals were identified corresponding to almost 8% of the site’s mammal total. Since these are 
burrowing animals that can be intrusive to archaeological features, their consumption by humans at 
the site cannot be proven unquestionably. Moreover, none reveal sings of thermal alterations, cutting 
marks or clear human tooth marks. The same can be said of the five hare (probably the Iberian Lepus 
granatensis) remains of a single individual.

Birds

The bird remains are particularly compelling 
given the scarce data as to these verte-
brates at sites of Late Prehistory in Iberia. 
These include barn owl (Tyto alba), identi-
fied by a femur, two tibiotarsi and an ulna 
lacking marks of consumption or manipula-
tion. Another species, traditionally of great 
interest to the question of subsistence, is 
the great bustard (Otis tarda). This bird, the 
heaviest of those currently known in the 
Iberian Peninsula, is represented by three 
bones: two carpometacarpi and a cora-
coid. Yet there is no indisputable evidence 
of manipulation and consumption. The 
osteometry of both carpometacarpi sug-
gests a large male adult (Fig. 5). This steppe 
species, traditionally appreciated for its 
great biomass, was probably captured by 
traps or nets as it is reluctant to fly. Similar 
bustard remains linked to consumption are 
recorded at contemporary sites such as 
Zambujal (Torres Vedras, Portugal), and 
Cerro de la Virgen (Orce, Granada) (Driesch 
and Boessneck 1976; Driesch 1972).

Mollusks

Besides skeletal remains, the assemblage also comprises molluscs, gastropods and bivalves. Rumina 
decollata stands out among the terrestrials specimens with up to 62 specimens collected in the first 
campaign. Of special interest is the three internal shells of brown slugs (Drusia valencienni). This species, 
rare in the archaeological record, is endemic to the south-west of the Iberian Peninsula and currently 
very common (Fig. 6, top). Fragments of unidentified unionoidae (5) stand out among the freshwater 
mussels including Potomida littoralis and Margaritifera auricularia. Although the first species is still 
present in the Guadalquivir Basin, the second is now extinct. The mollusc assemblage is completed by 
three fragments of polished limpet shells that appear to have formed part of a spoon-like implement. 

Figure 5 - Ditch 2. Bird remains; great bustard carpometa-
carpus (top). Ulna, femur and tibiotarsi of barn owl (bottom). 
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They are most likely Cymbula safiana from the internal structure of the nacre (Fig. 6, bottom). This 
artefact certainly arrived at the site through the network of trade or communication routes linking the 
inland to the coast.

Discussion: do faunal remains serve as a portrait of daily consumption?

This section attempts to elucidate one of the fundamental problems when interpreting the chronology 
of features containing archaeo-faunal remains. The fauna assemblage of La Minilla was unearthed more 
than three decades ago and is devoid of microstratigraphic or micromorphologic data. In this sense, it is 
worth speculating whether these artefacts serve as evidence of daily consumption (in the sense of 'daily 
bread'), or if, on the contrary, they designate one (or different) episodic events.

Figure 6 - Ditch AB: internal shells of Drusia valencienni slugs. Ditch 1, fragment of a polished shell, 
possibly a spoon, fashioned from a Cymbula safiana limpet.
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The materials collected during the excavations of the 1980s are scarce and only serve globally 
to designate a chronology dating the Copper Age. The more recent finds of dishes and bowls with 
thickened semi-circular rims in the fills of the ditches point to a period spanning the middle of the 3rd 
millennium cal BC. Three appendicular bone finds (deer, a domestic bovine and pig) from the lower 
levels of the three ditches of the 1986 and 1989 interventions yield statistically identical radiocarbon 
datings (Table 3) placing the fill of the ditches to the middle of the 3rd millennium, a period coinciding 
with the upsurge of ditch-enclosures in the south of the Iberian Peninsula (Bernabeu et al. 2016).

This leads to the question as to what extent is this assemblage representative of a regular 
consumption of meat in the regional settlements of the middle of the 3rd millennium cal BC. In this 
sense, we have advanced the notion of   a differentiated livestock economy during the Copper Age in the 
Guadalquivir Basin with, on the one hand, a domination of caprines at settlements in the more rugged 
and mountainous terrain of the Baetic foothills, and a greater balance between caprines, cattle and pigs 
at the lowland settlements of the Guadalquivir Basin (Martínez 2013b). Moreover, this last scenario, 
with proportions closer to the findings of La Minilla, does not exclude other options such as a selection 
of specimens and species in the framework of a different type of collective consumption, or special 
meetings, including ritual performances.

The animal finds contained in the ditch-enclosures of La Minilla, in fact, do not appear to 
correspond to an accumulation of remains resulting from a 'trickle' of long-term daily consumption. 
Bolstering this notion is not only the proportion of the types of species and their excellent preservation, 
as expected of an assemblage deposited rapidly, but also the ages of slaughter of the domestic species. 
Cattle, for example, were sacrificed as adults at the height of their potential productivity in terms of 
milk and breeding. Although the sampling is too small to yield representative values, the shortage of 
subadults appears to indicate a selection of animals for slaughter according to the criterion of size. The 
sacrifice of pigs and sheep (corresponding to the greatest MNI), and taking into account birth in spring, 
leads to speculation as to a slaughter taking place in autumn or early winter following the traditional 
regional pattern (Hadjikoumis 2011). Three age ranges stand out for the slaughter of pigs: younger than 
one year, during the second year (the most common), and the third year. In the case of sheep, the 
notable scarcity of infants, and a slaughter peak between 18 and 24 months, evidence a choice of size 
corresponding presumably, once again, to meat consumption, suggesting slaughter coinciding either 
with the end of summer or the outset of autumn.

The excellent conservation of the anatomical parts compared to the highly fractured food waste 
characteristic of Neolithic and Copper Age sites suggests an expeditious consumption, with no evidence 
of boiling or intake of bone marrow or fat. Thus, certain bones can be assigned to specific individuals, 
and may have been in partial anatomical connection at the time of their deposition, so we cannot 
exclude that some of them were not consumed and were part of a ritual context (Morris 2011, Liesau et 
al. 2014). This could be the case of certain birds (Ditch 2, SU 2 and 2A), the right limb of a pig in silo B S3, 
or several bovine caudal vertebrae (SU 1) in Ditch 2. These finds suggest a relatively sudden deposition 
of certain remains, or at least part of them, subsequent to an event resulting from a massive sacrifice 
linked to one or several episodes of collective consumption that differs from the normal pattern of 
animals chosen for daily consumption.

Code BP SD Cal BC 68.2 % Cal BC 95.4 % Context Bone sample

CNA-3151 3996 35 2567-2475 2619-2460 Ditch B 1986, SU 3 RA Cervus elaphus

CNA-3153 4034 36 2617-2488 2834-2470 Ditch 1 1989, SU 4 HU Sus scrofa

CNA-3152 4040 35 2619-2490 2835-2472 Ditch 2 1989, SU 2A MTP Bos taurus

Table 3 - Dates from La Minilla archaeological site. Calibration with Oxcal 4.3 (IntCal13) (Bronk-Ramsey 2009).
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The deposition of these faunal remains making up the majority of the artefacts recovered 
during the archaeological excavations of the 1980s raises certain compelling questions regarding their 
relationship with the ditch enclosure and its fill. It is tempting to view the ditch enclosure as a symbolic 
feature and speculate whether the finds of distinct animal species respond to an organised ritual linked 
to the sealing of the ditch, or associated with actions that are beyond the cognisance of the current 
observer. In this sense, the overwhelming dominance of pig (47%) in the ditch at Perdigões (Évora, 
Portugal) (Costa 2010) appears to resemble the situation at La Minilla, although in our site, weight of 
cattle is dominant.

It is worth speculating on whether these finds could be indicative of collective consumption 
linked to the agricultural calendar either toward the end of summer and the beginning of autumn, that 
is, between the harvest and sowing. These gatherings could have been brief events, lasting eventually a 
few days, concentrating a great number of individuals (or a workforce) requiring a large volume of food. 
These gatherings were potentially advantageous to the dominant sector of society that could profit 
from their own resources to offer a special display of wealth benefitting the interests, real or staged, of 
the peasant community.

Conclusions

The study of the animal bone remains of La Minilla, offers a vision of the domestic and wild animals at a 
settlement dating to the middle of the 3rd millennium cal BC in the Middle Guadalquivir Basin. Even when 
taking into account a great number of distinct species in different proportions, domestic pig is the most 
common in terms of number of remains and individuals. Pig is followed by domestic caprines and cattle 
in proportions that are in line with the findings from other contemporary sites in the southern half of 
Iberia, although they could be over-represented due to their high skeletal identifiability and eventual 
appearance of the wild boar.

The excellent conservation of the assemblage offers the possibility to explore a series of questions 
of particular relevance. The first is to justify the low number of anthropogenic alterations on the bones, 
features that are characteristic of regular, habitual human consumption.  A second question is that of 
the age of sacrifice, an issue that arises due to the scarcity of young individuals among the assemblage 
that could be indicative of choice of age of slaughter in function of a greater size and weight.

In this sense, the profile of the slaughter of cattle points to exploitation for milk and breeding for 
more than two seasons (but not as beasts of burden). A similar trend based on optimal young weight 
criteria is not only clear for pigs, but also for caprines. In the case of sheep, this reinforces the notion of 
different varieties of hair not serving for wool. This therefore delays the appearance of wool sheep in 
the south of the Iberian Peninsula until the 2nd millennium cal BC (Bronze Age).

The large presence of wild species such as red deer must be explained in part through hunting, 
that could have played a very prominent role. There is also evidence of the exploitation of the antlers 
of this species. The few cases of aurochs, as noted previously, are represented by adult and subadult 
remains. This animal, undoubtedly the largest wild species in Iberia at the time, is also recorded in small 
numbers at the contemporary sites of Valencina de la Concepción (Seville), Perdigões (Portugal) and Los 
Millares (Almería) (Hain 1992; Costa 2010 2013; Peters and Driesch 1990). The presence of bustard, in turn, 
can be linked to an open landscape, perhaps already favouring grazing and extensive cereal agriculture.

Other wild species among the archaeological record seems erratic. This could be the case of the 
barn owl, an anthropophilous species known to have a connection with the symbolic universe in the 
Iberian Copper Age (Gonçalves 1993). The interpretation of the presence of rabbit is problematic as 
these finds are probably the result of post depositional intrusions. In any case, the study of the different 
species suggests a Mediterranean landscape marked by open and clear spaces (bustard and hare) that 
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were partially anthropized (barn owl). The existence of three internal shells of Drusia valencienni slug 
and the presence of gastropod Rumina decollata point to an environment similar to that of today as 
these species are characteristic of anthropic, open environments.

The findings of this study suggest that the faunal remains are partly the result of a collective 
consumption where the animals were chosen according to size. The assemblage under study obviously 
most likely only represents a very small proportion of the total animal remains contained in the large 
ditch enclosures of La Minilla. In any case, it is enticing to view the finds as evidence of a massive 
slaughter orchestrated by an elite or authority (?) intended for collective consumption during gatherings 
linked to the agricultural calendar. The remains of these 'banquets', far from normal quotidian domestic 
activities, served to backfill certain architectural features that were also built collectively and most likely 
subject to planning, probably directed by the very individuals masterminding the gatherings.
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Appendix 1. 
Postcranial osteometry (von Driesch 1976) 

N Context Bone Side Taxa Bd GLl GLm Dl Dm

1157 A/B (1) AS Sin BOS 43 69 61 38 40

365 A/B (2) AS Dex BOS 39.5 - - - -

332 Z- 1 (2) AS Dex BOS 42 62 57 36.5 36

729 Z- 1 (4) AS Sin BOS 42.4 61.5 55.6 36.2 36.5

1 Z- 2 (2) AS Sin BOS 45 68 63 39 40

2 Z- 2 (2) AS Dex BOS 46 67.5 62.7 39 -

308 Z- 2 (2A) AS Dex BOS 41 61.3 57 35.6 35

706 Z- 1 (4) AS Sin CAH 18.9 32 29.7 17.1 18.5

349 A/B (2) AS Sin CEE 30 47.5 43 26.2 27.5

43 Z- 2 (2) AS Dex CEE - 48.5 - 26.2 27.8

705 Z- 1 (4) AS Sin OVA 18.8 31 29.5 17 17

72 Z- 2 (2) AS Dex OVA 19 30 28.3 16.6 17.2

636 B S(3) AS Sin OVA 19 29.7 28.2 17 18.3

945 A/B (3) AS Dex SUS - 37 - 19.8 -

530 Z- 2 (1) AS Sin SUS 21 37 33.8 18.5 21

301 Z- 2 (2A) AS Dex SUS 23.6 39.7 35.7 20.1 21.8

N Context Bone Side Taxa Bd SD HTC HT BT

1191 A (1) HU Dex BOS - 38 - - -

168 Z- 2 (2) HU Dex CAF - 10.8 10.3 - -

713 Z- 1 (4) HU Dex CAH 28 13 11.7 16 -

714 Z- 1 (4) HU Sin CAH 26.2 - 12.4 15.5 -

213 A (3) HU Dex CEE 50 - 23.8 - 42

1159 B (1) HU Sin CEE - - 25.3 - -

201 A (1A) HU Sin LEP 10.5 - 5.4 - -

712 Z- 1 (4) HU Dex OC - - 14.8 - -

88 Z- 2 (2) HU Sin OC - - 16.1 - -

87 Z- 2 (2) HU Dex OC 31.6 - 15.7 - 29.3

979 B (3) HU Sex OVA 29 - 15.3 - 28.5

283 Z- 1 (3) HU Sin OVA 31.5 - 15 - 29.8

709 Z- 1 (4) HU Dex OVA 30.7 14.3 15.3 19.3 29.5

711 Z- 1 (4) HU Dex OVA - - 15.1 18.3 -

708 Z- 1 (4) HU Sin OVA 30 - 15.5 18.5 28.4

710 Z- 1 (4) HU Sin OVA - - 15.2 19.5 -

534 Z- 2 (1) HU Sin OVA 32.6 - 15 - 31.5

220 A (3) HU Dex SUS 37.5 16.3 17 - 31

233 A (3) HU Dex SUS 35.5 14 16.5 - 30

573 B S(3) HU Sin SUS 37.5 14 16.4 - -

587 B S(3) HU Sin SUS 37 - 16 - -

668 Z- 1 (4) HU Dex SUS 37 16 17 27 -

536 Z- 2 (1) HU Dex SUS - 16.8 - - -

82 Z- 2 (2) HU Dex SUS 39.3 - 18.3 - 33.5

N Context Bone Side Taxa GL Bp Bd Dd SD

79 Z- 2 (2) HU Sin SUS - - - 37.8 -

672 Z- 1 (4) HU Dex SUS - - - - 17
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N Context Bone Side Taxa GL Bp Bd Dd SD

4 Z- 2 (2) MTC Indet BOP - - 73.5 - -

292 Z- 1 (2A) MTC Dex BOS - 62 - - -

293 Z- 1 (2A) MTC Dex BOS - - 64.5 - 34.5

294 Z- 1 (2A) MTC Dex BOS 201 62 67 - 35.6

518 Z- 2 (1) MTC Sin BOS - - - 19.3 25.4

3 Z- 2 (2) MTC Sin BOS 195.4 64.8 65.9 - 37

5 Z- 2 (2) MTC Indet BOS - - 63 - 34

376 B (2) MTC Sin CEE - 40 - - 23.3

377 B (2) MTC Dex OC - 23 - - -

679 Z- 1 (4) MTC Dex OC - - - - 12.1

218 A (3) MTC Sin OVA 138 23.5 24.4 - 14

1081 A (2) MTT Dex BOS 165 - - - 18.8

582 B S(3) MTT Dex BOS - 49.5 - - 26

583 B S(3) MTT Dex BOS 280 49 59 31

173 Z- 1 (3A) MTT Dex BOS 244 52 58.3 - 27

314 Z- 2 (2A) MTT Dex BOS 217 45 - 52 26

77 Z- 2 (2) MTT Sin OVA 158 22.3 - - 13

N Context Bone Side Taxa Bp Bfp Bd SD -

32 Z- 2 (2) RA Sin BOS 87.8 80.5 - - -

589 B S(3) RA Dex CEE 46 43.5 - - -

42 Z- 2 (2) RA Sin CEE - - 43 25 -

1189 A (1) RA Sin OC - - - 17 -

783 B (1A) RA Indet OC - - - 17.5 -

782 B (1A) RA Sin OC - - - 14.7 -

217 A (3) RA Sin OVA 31.5 29.3 - 16 -

285 Z- 1 (3) RA Sin OVA 32 29.6 - - -

178 Z- 1 (3A) RA Dex OVA - - 2-8.5 14.7 -

716 Z- 1 (4) RA Dex OVA 30 27.5 - 16 -

75 Z- 2 (2) RA Dex OVA 32.2 29.4 - 18 -

300 Z- 2 (2A) RA Dex OVA 31.3 28.8 - 16.5 -

223 A (3) RA Dex SUS 26.5 - - 15 -

867 B (1A) RA Dex SUS - - - 17 -

574 B S(3) RA Sin SUS 27.3 - - - -

671 Z- 1 (4) RA Sin SUS - - - 16.5 -

533 Z- 2 (1) RA Sin SUS - - - 17.5 -

537 Z- 2 (1) RA Sin SUS 26 - - - -

531 Z- 2 (1) RA Dex SUS 28.5 - - 18 -

83 Z- 2 (2) RA Dex SUS 26.7 - - 18 -

224 A (3) RA Sin SUS - - 32 - -

717 Z- 1 (4) RA+ UL Dex CAH 28.1 26 - - -

74 Z- 2 (2) RA-UL Dex OC - - - 17.6 -

N Context Bone Side Taxa LG GLP SLC BG -

211 A (1A) SC Sin BOP 86 98 80 70 -

731 Z- 1 (4) SC Dex BOS 56 68 56 44 -

Appendix 1. 
Postcranial osteometry (cont.) 
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N Context Bone Side Taxa LG GLP SLC BG -

512 Z- 2 (1) SC Sin BOS - - 55 - -

216 A (3) SC Dex CEE - - 29 - -

511 Z- 2 (1) SC Sin CEE 42 - 32 33 -

1186 A (1) SC Dex OC - - - 20 -

630 B S(3) SC Sin OC - - 20.1 - -

73 Z- 2 (2) SC Dex OC - - 17 - -

59 Z- 2 (2) SC Sin OC 24 31 19 18.6 -

321 Z- 2 (2A) SC Sin OC - 32.3 20 20 -

1039 A (2A) SC Sin ORC - - 4.8 - -

539 Z- 2 (1) SC Sin OVA 25 32 18.3 20 -

60 Z- 2 (2) SC Sin OVA - - 21 - -

540 Z- 2 (1) SC Sin OVA 27 34.5 21 21.5 -

628 B S(3) SC Dex SUS - - 22.6 - -

629 B S(3) SC Sin SUS 27 32 20.7 - -

176 Z- 1 (3A) SC Dex SUS - - 25.5 - -

54 Z- 2 (2) SC Sin SUS 31 34.5 23.3 24 -

N Context Bone Side Taxa DPA BPC - - -

590 B S(3) UL DeX CEE 40 25.6 - - -

1065 A (2) UL Dex OC 25..5 19 - - -

324 Z- 2 (2A) UL Sin OC - 17.3 - - -

1025 A (2A) UL Sin ORC 7.3 5.3 - - -

284 Z- 1 (3) UL Sin OVA - 20 - - -

188 A (1A) UL Sin SUS 38 21.2 - - -

229 A (3) UL Dex SUS 33.6 18.5 - - -

228 A (3) UL Sin SUS - 19.5 - - -

953 B (3) UL Dex SUS 34 17 - - -

575 B S(3) UL Sin SUS - 19.7 - - -

180 Z- 1 (3A) UL Sin SUS - 20.1 - - -

181 Z- 1 (3A) UL Sin SUS 28 17 - - -

669 Z- 1 (4) UL Dex SUS - 20.5 - - -

532 Z- 2 (1) UL Dex SUS - 21 - - -

81 Z- 2 (2) UL Dex SUS 27 17.6 - - -

84 Z- 2 (2) UL Dex SUS 37 19.3 - - -

1158 B (1) UL Dex SUS 39 21 - - -

N Context Bone Side Taxa GL Bp SD L Did

331 Z- 2 (2A) UL Dex TYT 3.8 7

167 Z- 2 (2) CARMTC Dex OTT 116

172 Z- 2 (2) CARMTC Sin OTT 116.9 30.8 114.2 15.4

Appendix 1. 
Postcranial osteometry (cont.) 
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Appendix 2. 
Cranial (Maxilla and mandibles) (von Driesch 1976) and teeth (Length and width, L/W)  osteometry

N Context Bone Side Taxa 3 4 5 7 8

747 Z- 1 (4) MAND Dex OVA - - - - -

526 Z- 2 (1) MAND Sin BOS - - - 128 85

499 Z- 2 (1) MAND Dex CAF - - - - -

498 Z- 2 (1) MAND Sin CAF - 100 95 67 63

171 Z- 2 (2) MAND Dex CAF - 116.5 112 - -

170 Z- 2 (2) MAND Sin CAF - - - - -

746 Z- 1 (4) MAND Dex CAH - - - - 47

279 A (3) MAND Sin OVA 43 - - - 52

556 Z- 2 (1) MAND Dex OVA - - - - -

49 Z- 2 (2) MAND Dex OVA - - - 84 52

212 A (3) MAND Dex SUS 68 - - - -

667 Z- 1 (4) MAND Sin SUS - - - - 65

N Context Bone Side Taxa LP1 L LP1 W LP2 L LP2 W LP3 L

499 Z- 2 (1) MAND Dex CAF 3.5 2.8 7.9 4.1 9.5

498 Z- 2 (1) MAND Sin CAF 3.8 3 7.7 4 9.5

171 Z- 2 (2) MAND Dex CAF - - 8 4.5 9.5

170 Z- 2 (2) MAND Sin CAF - - - - -

1014 A (2A) MAND Sin SUS - - - - -

212 A (3) MAND Dex SUS - - - - -

267 A (3) MAND Dex SUS - - - - -

665 Z- 1 (4) MAND Dex SUS - - - - -

667 Z- 1 (4) MAND Sin SUS - - - - -

N Context Bone Side Taxa LP4 L LP4 W LM1 L LM1 W LM2 L

684 Z- 1 (4) MAND Sin SUS - - - - -

564 Z- 2 (1) MAND Dex SUS 14 8.5 - - -

559 Z- 2 (1) MAND Dex SUS - - - - 19

557 Z- 2 (1) MAND Sin SUS 15.3 9.5 18.5 - 22.2

558 Z- 2 (1) MAND Sin SUS - - - - -

563 Z- 2 (1) MAND Sin SUS 14.6 9.5 - - -

50 Z- 2 (2) MAND Sin SUS - - 16 10 21

560 Z- 2 (1) LM3 Sin SUS - - - - -

683 Z- 1 (4) LPd4 Dex SUS - - - - -

N Context Bone Side Taxa UM1 L UM1 W UM 2 L UM2 W UM3 L

268 A (3) MAX Dex SUS 18 12.5 - - -

261 A (3) MAX Sin SUS 16.7 13 20.3 16 -

925 B (1A) MAX Dex SUS 18 15 21.5 16 30.5

605 B S(3) MAX Dex SUS 16 12 21 16 -

625 B S(3) MAX Sin SUS 16.7 12.9 22 16.5 -

185 Z- 1 (3A) MAX Sin SUS 16.8 12.7 - - -

186 Z- 1 (3A) MAX Sin SUS - - - - 28.6

674 Z- 1 (4) MAX Sin SUS - 12.2 18.7 15 -

53 Z- 2 (2) MAX Dex SUS 17.5 12.7 - - -

51 Z- 2 (2) MAX Sin SUS 18.8 13 - - -

52 Z- 2 (2) MAX Sin SUS 17.5 13 - - -

327 Z- 2 (2A) MAX Sin SUS 18.5 13.2 - - -

561 Z- 2 (1) MAX Sin SUS 16.2 13.1 21.5 15.4 -
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N 9 10 12 13 14 15b 15c 19 20

747 40.5 - - - - 22 - - -

526 43.5 - - - - - - - -

499 - 30.8 - - - - - 21 16.2

498 58 31 29.2 - 18 - - 21 16.3

171 63.6 34 31 21.5 20 - - 21.8 16.3

170 65 33.8 31 21.6 20.6 - - 20.8 16.3

746 - - - - - - - - -

279 28 - 65 63 39 - 15.3 - -

556 33 - - - - - - - -

49 28 - - - - 23 14.4 - -

212 - - - - - - - - -

667 - - - - - - - - -

N LP3 W LP4 L LP4 W LM1 L LM1 W LM2 L LM2 W LM3 L LM3 W

499 4.7 - - 18.7 7.1 7.9 6.5 - -

498 4.5 11 5.8 19 7 8 6.5 5 4.2

171 5 11 6 21.2 8 9 6.8 - -

170 - - - 21.5 8 9.3 6.3 - -

1014 - 13.5 8.5 16.8 10.3 20 12.8 - -

212 - - - 16.2 10 19.8 13 - -

267 - - - 17.7 11.2 - - - -

665 - - - - - - - 36 16

667 - - - - - - - 33.2 -

N LM2 W LM3 L LM3 W LPd4 L LPd4 W - - - -

684 - - - 17.7 8.5 - - - -

564 - - - - - - - - -

559 14 29.5 14.5 - - - - - -

557 14 - - - - - - - -

558 - - - - - - - - -

563 - - - - - - - - -

50 12.7 - - - - - - - -

560 - 36 16 - - - - - -

683 - - - 18.7 8-6 - - - -

N UM3 W - - - - - - - -

268 - - - - - - - - -

261 - - - - - - - - -

925 17 - - - - - - - -

605 - - - - - - - - -

625 - - - - - - - - -

185 - - - - - - - - -

186 18 - - - - - - - -

674 - - - - - - - - -

53 - - - - - - - - -

51 - - - - - - - - -

52 - - - - - - - - -

327 - - - - - - - - -

561 18.2 - - - - - - - -

Appendix 2 (cont.) 
Cranial (Maxilla and mandibles) (von Driesch 1976) and teeth (Length and width, L/W)  osteometry





1. Introduction

In this paper we assess the osteological faunal assemblage collected during Outeiro do Circo excavations 
until 2015. The sample corresponds to the collections picked in 2011 in Trench 1 and during the 2014/2015 
campaign at Trench 3. A total of 80 remains was recorded, belonging to mammals and terrestrial 
gastropods. The objective was to contribute to the understanding of the Late Bronze Age patterns of 
animal consumption and relation to animals. These results are very relevant since zooarchaeological 
information for this region and chronology is still very scarce.

The fortified settlement of Outeiro do Circo, located in the municipality of Beja, in the Union of 
the Parishes of Santa Vitória and Mombeja, sits on top of a ridge of low altimetry, referred in Military 
map of 1:25.000, no. 520, as 'Cabeços da Corte Garrana' (Fig. 1). The settlement is limited by a long 
double wall complemented with towers and pits. Materials recovered comprised ceramics (including 
of the type 'ornatos brunidos'), lithics and metals (including bronze and crucible associated with gold 
production) showing this location was in the centre of important trade routes and the population 
controlled important natural resources (Porfírio et al. 2020).

The area has very fertile black-mud soils (Type B), a reason why communities have settled there 
since long and regularly farmed it throughout the ages. The site’s use for farming purposes became more 
intense in the 20th century. The introduction of farming machinery increased the capacity of tilling the 
soil, and this led to a recent turning of the superficial layers of the archaeological contexts under study. 
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Excavations at the fortified settlement of Outeiro do Circo in Mombeja have uncovered a human occupation dated from the 
final phase of the Bronze Age. The osteological faunal assemblage stands out among the findings collected during the various 
campaigns. This paper aims to analyse this small assemblage, of which domestic species are the main protagonists. Remains of 
goats, cattle, pigs, one dog and one equine were identified. As regards wild animals, the presence of red deer and hare has been 
recorded.

Keywords
Zooarchaeology, Mammals, Protohistory, Alentejo.

DIAS, Íris, PORFÍRIO, Eduardo, SERRA, Miguel, DETRY, Cleia (2022) - Faunal remains from Outeiro do Circo (Mombeja, Portugal): A preliminary study. In Valente, 
Maria João, Detry, Cleia, Costa, Cláudia (eds.), New TreNds iN iberiaN Zooarchaeology. Estudos & Memórias 19. Lisboa: UNIARQ - Centro de Arqueologia da 
Universidade de Lisboa, p. 99-110. 
https://doi.org/10.51427/10451/54939



100

Faunal remains from Outeiro do Circo 
(Mombeja, Portugal): A preliminary study

Íris Dias, EDuarDo PorfÍrio, 
MiguEl sErra, ClEia DEtry

The importance of agricultural practices has been verified since the Late Bronze Age occupations, 
materialized in the presence of frequently denticulated elements of flint sickle or hand grindstone in 
gabbro-diorite.

Archaeological work has been done at the site since the late-20th century, leading to the collection 
of materials dated from the Late Bronze Age. But the first systematic on-site research project only began 
in 2008, and it was developed until 2013 under the direction of two of the authors (MS and EP), in the 
framework of the study of the transition phase from the Late Bronze Age to the First Iron Age in Southern 
Portugal (Serra and Porfírio 2013). 

2. Archaeological context 

With the beginning of this new archaeological project for Outeiro do Circo, Trench 1 (corresponding 
to the area of the defensive system) was opened and systematically excavated. Most objects included 
in the sample studied herein (81%) came from this trench. Posterior zooarchaeological analysis on the 
materials recovered in trenchs 8, 7, 3 and 1 was done by Almeida et al. (2020).

A second research project was initiated in 2014 and completed in 2017. It differed from the first 
because it mainly sought to interpret the settlement housing area. Geophysical surveys were carried 
out and new surveys were excavated for a more detailed evaluation of the areas with the highest 
archaeological potential within the settlement limits (Serra et al. 2016). 

The excavation carried out in the second project focused mainly in the interior of the wall. It was 
hypothesized that the structures identified during the geophysical surveys had an oval plan, which led 
to the excavation of Trench 3 and Trench 4. 

As previously explained, the osteological assemblage of Outeiro do Circo corresponds to the 
collections picked from Trench 1 and Trench 3.

Trench 1, the origin of 81 percent of the selected samples, was dug at the Southwest slope, where 
the defensive structure was in a better conservation state. This structure is a composite wall about  

Figure 1 - Location of the archaeological site of Outeiro do Circo.
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10 m wide. Its lower levels covered a ditch, possibly from an earlier date, which could have been used for 
extracting aggregates to level the ground and to back up the structure of the wall built at the highest 
point of the slope.

The upper layer was not too compacted, as the ground had been recently tilled. No osteological 
remains were found in Layers 1, 2, 3 and 4. They were, however, registered in Layer 5, corresponding 
to the level of abandonment of the defensive apparatus; this layer yielded most of the osteological 
material of Trench 1 (i.e. 39% of the studied set). It should, however, be stressed that this percentage 
refers to 25 individuals, of which 11 are terrestrial gastropods (Rumina decollata), quite possibly intrusive.

Twenty-six percent of the identified remains were found in Layer 6, the second most important 
level. Bones were also recorded in Layer 8, Layer 10, Layer 11, Layer 12 (level of landfill on which the 
upper wall was laid), Layer 14 and southern profile.

Survey 3 yielded materials documented in stratigraphic units [302] and [303], i.e. the contexts of 
anthropic deposition, the former being characterized by a concentration of stony blocks.

3. Methodology

This assemblage is highly fragmented. Therefore, the methodology used in this study was adjusted to 
obtain the maximum information of these materials and to help providing a sound basis for analysing 
and understanding the faunal collection from the site.

All osteological elements were analysed in detail, we registered and provide in the tables only the 
elements we could attribute to a taxonomic group. The remaining material was weighted.

The methodology used here was adapted from Davis (1992) but with substantial alterations in 
order to adapt to this particular small and fragmented assemblage. 

Among other adaptations made to the original Simon Davis methodology, we counted both distal 
and proximal epiphyses. In the case of long bones, we included a few diaphysis, when identifiable to 
species or genus.

As in the previous parameter, we counted two fragments of shoulder blades because we could 
identify the species. We only managed to measure one fragment with a well-preserved glenoid joint. 
We adopted the metacarpal parameter but counted only one proximal and one non-distal metapodial 
fragment. A pelvis fragment from Equus sp. with a well-preserved acetabulum was also registered. As 
regards femurs, this study includes elements that present the distal part and fragments of the proximal 
end. Astragali were counted when more than 50% of the original bone was present. Finally, a tibial shaft 
was also counted.

We also counted the vertebrae, when complete (including one axis), carpals and tarsals (including 
two cubo-scaphoid fragments) and one antler.

Regarding teeth, we counted all fragments containing at least 50% of the tooth. All jaws that 
allowed us to determine the species were also counted – and one specimen had no teeth.

Species were determined with the help of UNIARQ’s reference collection. For more specific 
cases, we used the collection of the Archaeoscience Laboratory of the Directorate-General for Cultural 
Heritage (LARC-DGPC). The taxonomic attribution of the equid tooth was based on the catalogue 
presented in a work about Late Pleistocene and Holocene equid remains from Israel (Davis 1980).

The unidentifiable bones were weighed to understand the relation of the total of identifiable 
remains in the assemblage.

To determine how old these animals were when they died, we analysed teeth eruption and if long 
bone diaphysis was fused with the epiphysis. We took in account the work of Karl-Heinz Habermehl 
(1975), synthesizing the proposals of several authors to establish the age of slaughtering.

For osteometry, we adopted the criteria defined by Driesch (1976).
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4. Results

4.1. Species 

Based on the afore-mentioned methodology, we identified a total of 80 specimens (number of identified 
specimens – NISP), corresponding to osteological fragments classified in morphological and taxonomic 
terms. The identifiable remains constituted 40% of the total weight of the bone assemblage (Fig. 2). 
The poor state of conservation of the assemblage, unfortunately highly fragmented, made it impossible 
to classify the remaining material.

Discrepancy between the volume of identified versus non-identified material at a taxonomic 
level is evidenced by the relative weight of each group, shown in Figure 2. We decided not to count 
the unidentifiable elements because they included many very small-sized fragments which, even when 
compared to those identified (heavier bones, because they are in better condition), weigh more.

Figure 3 shows the absolute and relative values, by species, of the NISP. We confirmed a 
predominance of remains of domestic species, represented by the taxa Bos taurus (Cattle), Sus 
domesticus (Pigs), Ovis aries (Sheep), Capra hircus (Goat), Equus sp. (Horse or Donkey) and Canis lupus 
familiaris (Dog). As regards wild species, we identified the presence of Cervus elaphus (Red deer) and 
Lepus sp. (Hare). The presence of wild boar and aurochs was not confirmed but is not excluded to be 
among the suids and bovine remains.

The most representative group of the sample is the Ovis/Capra, which does not constitute a 
recognized taxon. It results from the joint counting of two species (Sheep and Goat) whose precise 
distinction is not always possible to determine. However, we managed to identify two astragalus, one 
as sheep and another from goat, demonstrating the presence of these two species at Outeiro do Circo. 

Bos 
sp.

Ovis/
Capra

Ovis 
aries

Capra 
hircus

Sus 
sp.

Cervus 
elaphus

Equus 
sp.

Canis 
sp.

Lepus 
sp.

Artio-
dactyla

Stem - - - - - 1 - - - -

Teeth 10 9 - - 7 2 1 1 - -

Mandible 4 2 - - - - - 2 - -

Axis - 1 - - - - - - - -

Vertebra - 1 - - - - - - - -

Scapula - 1 - - 1 - - - - 1

Humerus - 1 - - - - - - - -

Radius 1 1 - - - 2 - - - -

Metacarpal - 1 - - - - - - - -

Carpal 1 - - - - - - - - -

Pelvis - - - - - - 1 - - -

Femur - - - - - 2 - - 1 -

Tibia - - - - 1 - - - - 1

Astragalus - 1 1 1 2 - - - - -

Cubo-scaphoid 1 - - - - - - - - -

Metapodial - - - - 1 - - - - -

Phalanx I - - - - 1 - - - - -

Total NISP 17 18 1 1 13 7 2 3 1 2

MNI 1 1 1 1 1 1 1 1 1 1

Table 1 - Number of Identified Specimens (NISP) and Minimum Number of Individuals (MNI) at Outeiro do Circo.
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The second most frequent group is the Bos sp. with 17 remains, followed by Sus sp. with 12. Most 
of the remains are relatively small and probably come from the domestic form. Seven pieces belong to 
the Cervus elaphus species, including one antler (Fig. 4). The dog (C. lupus familiaris) is represented by 
three remains (one mandible and two teeth). Three percent of the analysed sample belongs to Equus 
sp., with two elements (one pelvis – Fig. 5 – and one tooth). Finally, one hare femur was also recorded.

All invertebrate remains belong to the same species of Gastropods. We identified 16 shells, all 
Rumina decollata. This terrestrial snail is characterized by its truncated apex. 

Figure 2 - Weight of the bones associated with a taxonomic level, and the unidentified ones.

Figure 3 - Number of Identified Specimens per taxonomic group.
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4.2. Age at death

Most of the analysed sample can be associated with adult individuals, with completed bone growth and 
fusion process. However, a metapodial of Sus sp. and a small unfused side phalanx of the same taxon 
suggested an estimated age at death of approximately two years for both bones.

Tooth analysis allowed to verify the presence of at least two mandibles belonging to juveniles, 
one of Ovis/Capra and another of Bos sp., which still had deciduous teeth (the only ones in the sample).

Based on the work of Karl-Heinz Habermehl (1975), this Bovine was less than two years-old at 
its time of death, since premolar change occurs between 24 and 28 months of age. For Ovis/Capra, we 
found two milk teeth – Dp2 and Dp3 – therefore the animal would necessarily be less than two years-old.

We found the presence of the inferior third molar in only three individuals (meaning they had 
reached the adult stage, being at least 18 months-old). Two belonged to the aforementioned taxa and 
one to a Cervus elaphus. 

Figure 4 - Fragment of antler belonging to a red deer (Cervus elaphus), with cutmarks.

Figure 5 - Acetabulum of an equid pelvis.
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Based on the above data, we can state that the community that inhabited Outeiro do Circo in 
Protohistory chose to consume older individuals, with bones already fused and a dentition evidencing 
some signs of wear. This situation possibly resulted from the consumption of secondary products, in 
addition to meat.

4.3.Taphonomy

In order to better understand the relationship between the people who inhabited the settlement 
and the co-existing fauna, remains must be studied as a whole. Therefore, any signs of anthropic 
manipulation are essential to approach this reality.

In the case of Outeiro do Circo, some bone fragments were burned.
Exposure to fire was lengthy since the materials evidence chromatic alteration, having acquired a 

blackish colour due to collagen carbonization (Buenger 2003: 19).
To reach such level of carbonization, the bone must undergo heat exposure at controlled 

temperatures between 250°C and 550°C. In this case, the combustion-regulating agent was Man. We 
assumed that the remains were intentionally manipulated, and carbonization did not result from any 
other phenomenon, such as a wild fire (Costa 2011: 408). When temperature exceeds 600ºC, the organic 
component is totally burned, resulting in the calcination of the bone, that becomes white (Buenger 
2003: 19).

Among the burned bony elements, some were associated with charcoal. It is a well-known fact 
that bones have been used as fuel for the combustion process since prehistory (Théry-Parisot 2002).

We identified two bones with cut marks. The first was a radius of Ovis/Capra, possibly resulting 
from the animal’s dismembering process rather than bone sectioning, as the cuts are superficial. It is 
therefore safe to admit that this species was bred not only to obtain milk, but also for its meat, as can 
be further testified by the presence of a charred Ovis/Capra astragalus with fire exposure marks, which 
may have resulted a cooking process.

The other bone was a cervid antler with a shallow cut (Fig. 4).
Some long bones also presented evidence of fracturing associated with bone marrow utilization 

(Fig. 6).

Figure 6 - Long bone with fractures to obtain the bone marrow.
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Discussion

Our study of the faunal assemblage of Outeiro do Circo revealed a clear predominance of domestic 
species, with a greater emphasis on the consumption of caprine, bovine and swine. In fact, hunting 
seems to have been a secondary resource for the settlement economy, evidenced only by the presence 
of cervid and hare remains. 

Unfortunately, we could not differentiate the domestic pig from the wild boar, as most bones did 
not provide any osteometric data capable of proving such differentiation. The few elements that we 
could differentiate point to the domestic animal.

In terms of osteometry, the Outeiro do Circo sample enabled us to measure three astragali: two 
of Sus sp. (GLI - 33.1 mm; 33.7 mm) and one of Capra hircus (GLI - 26 mm; Bd - 16.7 mm). We also identified 
the SLC of a Sus sp. scapula with 18 mm (see table 2). 

GLl Bd SLC

Capra hircus - - -

Astragalus 26 16.7 -

Sus sp. - - -

Scapula - - 18

Astragalus 33.1 - -

33.7

Table 2 - Measurements taken from the elements recovered at Outeiro do Circo. GLl – Greatest Length lateral side; 
Bd – Breadth distal; SLC – Smalest Length of the Collum scapulae.

Figure 7 - Measurements of the smallest length of the collum (SLC) of the Scapula (in mm) of Sus sp. 
The measurements from Muge – Mesolithic come from Detry (2017); Chalcolithic measurements from Leceia and 
Zambujal come from Albarella et al. (2005); Bronze Age measurements of Terrena del Reloj come from Milz (1986).
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We compared the suid bone measurements from Outeiro do Circo with Mesolithic wild boar 
(Detry 2017), with Chacolithic bone remains from Leceia (Albarella et al. 2005: 36), Zambujal (Albarella 
et al. 2005: 36) and São Pedro Redondo (Davis and Mataloto 2012), and with elements from Late Bronze 
Age  sites such as Terrena del Reloj (Milz 1986), Castellón Alto (Milz 1986). It was possible to observe that 
the measurements of bones from Outeiro do Circo are located in the lower margin of the measurements 
range of all the archaeological sites (see Fig. 7 and 8). Scapula size is dependant of the age (Payne and 
Bull 1988) which explains why the Mesolithic wild boar overlaps the size of the specimens from Outeiro 
do Circo (Fig. 7). The astragalus is independent of age and sex (Payne and Bull 1988) which eliminates 
the previous problem. In figure 8 we can observe that the Outeiro do Circo bone measurements are 
particularly small and therefore clearly fall within the pig size range.

The identified equine tooth was photographed and drawn for a more objective reading and 
understanding of its traits in order to determine the species (Fig. 9). But the lower end of the protocone 
was fragmented and the tooth surface was very worn, so it was impossible to assert the exact equid 
species. Some characters correspond to Equus asinus, such as the symmetric protocone, but the presence 
of this species in the Bronze Age is still poorly documented and only one tooth has been reported in the 
Chalcolithic (Cardoso et al. 2013). Further analysis on this element will be needed.

Preference for the consumption of domestic animals was predominant in this highly sedentary 
community, who essentially invested in livestock and agriculture, as shown by the collected artefactual 
set (Porfírio et al. 2020).

It is also important to highlight the strong prevalence of appendicular skeleton bones in the total 
sample – we only identified one rib fragment, one vertebra, and no cranial bones, probably the elements 
that are missing are the ones less dense, therefore less preserved. 

As regards the age of slaughter, most of the assemblage corresponds to individuals who had 
reached adulthood. However, one element of Ovis/Capra and one of Bos sp. still had milk teeth – and 
they were also the only taxa with an inferior Molar 3, showing these species had both older and younger 
animals. Most probably the animals were used both for consumption and for secondary products.

Figure 8 - Measurements of the smallest length of the collum (SLC) of the Scapula (in mm) of Sus sp. The measurements 
from Muge – Mesolithic come from Detry (2017); Chalcolithic measurements from Leceia and Zambujal come from 
Albarella et al. (2005); Measurements from São Pedro Redondo (Chalcolithic) belong to Davis and Mataloto (2012); 

Bronze Age measurements of Castellon Alto and Terrena del Reloj come from Milz (1986).
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Although the osteological assemblage collected in Outeiro do Circo is highly fragmented and 
eroded, we managed to identify a set of species that is consistent with the findings in other Bronze Age 
sites of Iberia, namely Coto da Pena (Silva 1986), Buraco da Moura (Cardoso, Senna-Martinez and Valera 
1998), Moreirinha, Monte do Frade, Alegrios (Vilaça 1992), Tapada da Ajuda (Cardoso 1986), Cerro del 
Berrueco (Maluquer de Motes 1958), San Pelayo (Benet 1990), Peñalosa (Contreras et al. 1995), Canto 
Blanco, Pelambre (Carbajo Arana and Fernández Rodríguez 2014), and Ecce Homo (Almagro Gorbea and 
Fenandez Galliano 1980). 

In this sense, it seems to have been a preference for domestic species consumption not only 
in Outeiro do Circo. In fact, this situation is also evident in the named sites allowing us to emphasize 
the predominance of Ovis/Capra and Bos sp. in Late Bronze Age settlements, except for the case of 
Peñalosa, where equines dominate the sample (Contreras et al. 1995).

The only invertebrates present in the assemblage, specimens of R. decollata, were very well 
preserved with no evidence of consumption, making it very probable that this species may have reached 
the archaeological levels of Outeiro do Circo by intrusion. Also, these animals are not part of normal 
human diet and are too small to have nutritional value. These animals are common in archaeological 
contexts since they need humid environments rich in organic matter, which normally happens in areas 
where people dump the animal remains.

The osteological remains from Outeiro do Circo were collected from two areas with different 
occupations, one corresponding to the wall surrounding the settlement, and the other at the top of the 
hill, which corresponded to a small pit. The presence of osteological remains at the levels associated with 
the construction of the wall (layer 12 and layer 14) can be interpreted as waste from other locations, that 
got there along with the earth carried to level the slope where the inner wall of the defensive device 
was built. The presence of a greater percentage of osteological remnants in layer 5, corresponding to 
the abandonment of the defensive system, should be interpreted as an accumulation of runoff from a 
large part of the wide soft slope that extends from the top of the settlement.

The other layers from which osteological remains were collected (layers 6, 8, 10, 11) correspond 
to different phases of occupation of Outeiro do Circo and can be interpreted as areas where these 
elements were discarded and accumulated near the inner face of the wall, that served as a barrier 
against potential landslides caused by the nearby housing area.

As regards the vestiges collected in the Survey 3, near the top of the settlement, these were 
found in a structure interpreted as pit or silo, at the most superficial levels that served to fill it.

Work is still undergoing at the site. This means that new data may be collected and confirm, or 
change, the trends presented in this paper.

Figure 9 -Upper molar from an equid).
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Conclusion 

Although this assemblage is highly fragmented, we identified at this settlement a group of species 
matching other sites of the Bronze Age – predominantly domestic species represented by cattle, goats, 
sheep and pigs. 

Hunting was apparently infrequent, given the small number of elements of red deer and hare 
found. It should, however, be noted that the excavation work on the site is still undergoing, meaning 
that future findings may confirm or change the trends presented in this study. 

The faunal assemblage although small and poorly preserved helped to produce some information 
about the species exploited by the population that occupied the Outeiro do Circo in Late Bronze Age. The 
comparison with other contemporary archaeological sites in Iberia showed the pattern of consumption 
and animal use were very similar and strongly based in animal farming.
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Abstract
The material culture recorded at El Ostrero archaeological site (Maliaño, Cantabria) is reviewed here. Our results show that the site 
was occupied in two different chronological periods; the earliest in the Iron Age and the other later occupation during the Roman 
Age. Most of the material culture may be dated between the 8th and 4th centuries BC, according to a radiocarbon date and the 
characteristics of the pottery assemblage.

Keywords
Abiotic and biotic resources, Iron Age, Cantabrian Spain.

Introduction

The Iron Age was a crucial time for the communities in the northern Iberian Peninsula as it marked the 
end of Prehistory and the beginning of the Roman domination of the territory. Research on the period 
has tended to focus on its end and military aspects of the Cantabrian Wars. As a result, such other 
topics as the social and economic reconstruction of those communities, have been little studied. An 
integral analysis of archaeological remains found at Iron Age sites will contribute to the socioeconomic 
reconstruction of these societies that are practically unknown within the regional archaeology.

The archaeological assemblage from the site of El Ostrero has been completely reappraised in the 
present contribution to characterise the reconstruction of subsistence practices of regional communities 
during the Early Iron Age. The remains have been studied by applying different methodologies and a 
radiocarbon determination has established the chronology of the deposit.

BOLADO DEL CASTILLO, Rafael, CUETO, Marián, CUBAS, Miriam, REVERTER-GIL, Oscar, UZQUIANO, Paloma, ÁLVAREZ-FERNÁNDEZ, Esteban (2021) - A new 
approach to the Early Iron Age Shell Midden of El Ostrero (Camargo, Cantabria. Spain). In Valente, Maria João, Detry, Cleia, Costa, Cláudia (eds.), New TreNds iN 
iberiaN Zooarchaeology. Estudos & Memórias 19. Lisboa: UNIARQ - Centro de Arqueologia da Universidade de Lisboa, p. 111-123. 
https://doi.org/10.51427/10451/54939
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The archaeological site of El Ostrero de Maliaño

El Ostrero is an open-air site located in Camargo, Cantabria, to the southwest of the hill known as Glorio 
del Alto Maliaño (UTM ETRS89, X: 432.481; Y: 4.807.320), over the Boo Estuary in the Bay of Santander, 
which is barely 500 m away (Figure 1). The site was a mound about 5 or 6 m in diameter and 1 m high. 
Because of the deterioration that it was suffering, an archaeological excavation was performed in an 
area of 5 x 6 m, approximately 40% of its total surface area, in 1984 (Lamalfa et al. 1998; Ruiz and Muñoz 
2010). Today only an area of 2 m2 is still conserved (Muñoz and Malpelo 1992; Muñoz et al. 2007).

The stratigraphic sequence was divided into three archaeological levels (Muñoz and Malpelo 
1992; Valle and Serna 2003; Muñoz et al. 2007):

• Surface layer.
• Level I: greyish-coloured earth between 20 and 50 cm thick.
• Level II (between stones): yellowish clay layer with large numbers of limestone boulders.

The archaeological remains documented in Levels I and II consisted of abundant faunal remains 
(mostly marine bivalves), pottery, remains of clay building materials, metal objects, iron slags and 
macrolithic industry.

Based on this archaeological evidence, El Ostrero was interpreted as a midden associated with 
a nearby dwelling or settlement (Lamalfa et al. 1998; Valle and Serna 2003; Muñoz et al. 2007; Ruiz and 
Muñoz 2010) and was attributed alternatively in an indeterminate chronology in the Iron Age (Rincón 
1985; Serna et al. 1996), the Late Iron Age (Lamalfa et al. 1998), to the Indigenous-Roman period (Muñoz 
and Malpelo 1992), to the change of era (Ruiz and Muñoz 2010) or the Roman Age (Muñoz et al. 2007).

Materials and methods

The review of the archaeological assemblage has applied different methodological approaches depen-
ding on the kind of material. The investigation has been based on stratigraphic references in the 
fieldwork logbooks and the ascriptions of the materials themselves. 

Figure 1 - Location of El Ostrero de Maliaño (Cantabria).



113

NEW TRENDS IN IBERIAN ZOOARCHAEOLOGY

The study of the ceramic remains has been based on the sherd as the unit of analysis, determining 
its technological, morphological and decorative features. The metric data has focused on the parts that 
provide most information from the morphological point of view: rims, necks and bases. In the case of 
other abiotic remains, the raw material, form and functionality have also been considered.

Anthracological analysis was based on six samples. The number of charcoal remains in each sample 
was quite small (Table I), and therefore the results have been given in terms of presence or absence. 
Charcoal remains were fractured by hand along the three anatomical observation planes following the 
identification keys for both non-charred and charred wood (Schweingruber 1990; Vernet et al. 2001). 
Nomenclature follows the guidelines in 'Flora Europaea' (Tutin et al. 1964).

Archaeozoological analysis of terrestrial mammals has been carried out, focused on the anatomical 
and taxonomical identification and the age determination of the identified individuals (Reitz and Wing 
1999). When it was not possible to attribute the remains to a particular species, they were assigned to 
size groups: large size: >150 kg (cattle); medium size: >20 and <150 kg (goats, sheep and suids); small 
size:  <20 kg (fox or badgers). The age of the individuals was estimated from the degree of dental wear 
or eruption of the teeth (Silver 1963; Hillson 2005). The Number of Remains (NR) and Minimum Number 
of Individuals (MNI) were calculated to assess the proportion of each species. Finally, a taphonomic 
study of bone surfaces was carried out with a stereomicroscope to determine any processes affecting it.

The archaeomalacological study has examined all the remains found during the excavation of the 
site. The marine and continental species have been differentiated, following the nomenclature World 
Register of Marine Species (WoRMS Editorial Board 2022) and identified, according to the proposals 
in 'Fauna Europaea' (de Jong 2014). The quantification followed the methodology in Madariaga (1975) 
and Moreno (1994). For the gastropod species the apices and umbilical areas have been counted, and 
the larger value used as the MNI. For the bivalves, right and left valve hinges were counted and the 
larger value used as the MNI. Alterations caused by other marine organisms (epifauna) and taphonomic 
aspects have also been considered. Biometric data have been collected for complete specimens of 
Ostrea edulis (right and left valves), in order to determine whether the shell-midden accumulated in 
a single event or in several stages, separated by the excavation into levels in which possible changes 
in shell size might have occurred. The information about the biometry of other species has not been 
considered due to their high fragmentation. 

Table 1 - Number and percentages of archaeological remains in the different levels at El Ostrero. SL: surface level; 
LI: Level I; LII: Level II “between stones”; NDL: non-determinate level.

SL LI LII NDL
Total %

n %  n % n % n %

ABIOTIC

Pottery 9 1.80% 72 14.40% 80 16% 339 67.80% 500 100%

Building materials - - 16 6.90% 26 11.21% 190 81.90% 232 100%

Lithics - - 4 6.56% 4 6.56% 53 86.18% 61 100%

Metal objects 2 12.50% 2 12.50% 1 6.25% 11 68.75% 16 100%

Others (minerals and fossils) 4 2.16% 38 20.54% 5 2.70% 138 74.59% 185 100%

BIOTIC

Charcoal - - 4 36.36% - - 7 63.64% 11 100%

Terrestrial mammals - - - - - - - - 44 100%

Marine molluscs 26 0.10% 3910 25.50% 2777 18.10% 8624 56.30% 15337 100%

Continental molluscs - - 10 45.50% 8 36.40% 4 18.10% 22 100%

Total 41 - 4056 - 2901 - 9366 - 16.408 100%
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Results: the archaeological site of El Ostrero

The archaeological assemblage consists of a total of 16.376 remains (Table I) differentiated into Surface 
Level (SL), Level I (LI) and Level II 'Between Stones' (LII). In addition, a large number of remains were 
labelled as 'Non-determinate Level' (NDL), when the materials were not identified as belonging to 
either Level I or Level II. A high percentage (93.6%) of these remains are malacological items; pottery 
sherds represent 3.05%, building materials comprise 1.4% and fragments of mineral 1.1%. Appearing in 
percentages of <1% are, bone remains, slag, charcoal, baked clay, a tegula fragment, a bronze object, a 
fossil and two probable grindstones.

Of these, 6968 remains can be associated with the different levels: 4069 with LI and 2899 with LII. 
The other archaeological evidences are not ascribed to a particular level. 

Abiotic materials

Pottery 

The pottery assemblage consists of 500 sherds (Table I), including three types of products: pre-Roman 
hand-made ware; Roman coarse ware and modern pottery.

Hand-made sherds are the most abundant (n=425), of which nine sherds are from SL, 58 from LI, 
54 from LII and 304 from NDL. Their colour indicates that they were fired in a mostly alternating and 
reduction atmosphere. Although the use of calcite, quartz and mica temper has been noted (Lamalfa 
et al. 1998: 146), our analysis has not been able to determine the mineralogy of the pottery. The mean 
thickness of the rims is 6.5 ± 1.9 mm, whereas the bases have a mean thickness of 11.6 ± 2 mm.

Technological traces have shown different surface treatments in both inner and outer surfaces. 
They were smoothed, with evidence of burnishing and scraping on the outer surface of two rim sherds 
and scraping on the outer side of a base sherd.

The most common morphological part is the body (95.1%), followed by rims (2.8%), bases (1.17%) 
and the necks (0.94%). Most of the rims are flat (n=6), both horizontal and bevelled outwards, while 
others are everted (n=3) or rounded (n=3), both symmetric and convex asymmetric towards the interior. 
The general trend of the rims is that they are turned outwards (n=7), while there is a single straight rim 
and four of indeterminate tendency. The bases are flat; mostly with a simple profile (n=3), rather than 
undulating (n=1) or with a marked foot (n=1). The only decorative motifs are finger impressions on the 
top of three rims; two from LI and the other from NDL.

Complementary elements, such as handles and lids, have not been found, although a bevel on the 
inside of one of the rims might have been used to fit some kind of lid.

The high degree of fragmentation does not allow the full reconstruction of the vessels, which can 
only be partially reconstructed according to their most characteristic morphological elements. In two 
cases, a spherical or oval shape can be inferred (Figure 2, 1 and 2). The diameter of the upper part of the 
recipients was between 14.4 and 30 cm, while the diameter of the bases ranged from 8 to 11 cm.

A total of 70 remains of Roman coarse ware have been identified (14 from LI, 29 from LII and 27 
from NDL); 67 are body sherds and three are rims. The latter are all everted; two are flat (horizontal 
and bevelled outwards) and the other is also turned outwards. Their inner and outer surfaces are 
smoothed, while a single piece is scraped on its outer surface. Due to the high degree of fragmentation, 
the diameter could only be calculated for one recipient (12 cm) which may be classed as Form 500 and 
700 in the classification of Martínez Salcedo (2004) (Figure 2, 14). 

Finally, five body sherds from modern ceramic recipients are not ascribed to a particular level.
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Building materials

Fragments of clay building materials (n=231) are associated with the covering of constructions (Table I). 
Some of the fragments display the moulded form of organic materials and in one case, a pinkish plaster 
covering can be observed on the outer surface.

A tegula fragment 7.6 x 4.7 cm in size from LII can equally be included in the remains attributed 
to the Roman phase.

Lithic assemblage

The 21 lithic remains include a flake fragment in flint with marginal retouch, and three medial fragments and 
one lateral fragment of sandstone querns. A further four pieces of sandstone possess surfaces that could 
be used as querns or grinding stones. The other objects are natural pieces of quartzite and sandstone.

Metal objects

The metallic elements that have been found are classified into pieces of slag (n=13, two from SL, 
two from LI, and 9 from NDL), fragments of iron mineral (n=106, 4 from SL, 20 from LI, 5 from LII and 77 
from NDL); iron tools (n=2, from NDL) and a bronze object (n=1, from LII) (Table I). The latter is a round 
object, 1.2 x 1.3cm in size. It has a flat back with remains of iron oxide belonging to a possible stem or 
small object that fixed some material in a concavity on the front of the artefact. It was therefore initially 
thought to be a possible head of a ring adorned with a greenish glassy material that might be amber 
or glass paste (Lamalfa et al. 1998: 150) (Figure 2, 15). The high silica content determined by SEM-EDS 

Figure 2 - Pre-Roman hand-made pottery (1-11); Roman coarse ware (12-14) and bronze object with glass 
paste adornment (15).
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analysis1 relate it to the glass, a material that, with the exception of the iron age oculate glass beads, 
in the region it is usually associaated with the Roman world. This ratify the attribution proposed by 
previous studies (Muñoz and Malpelo 1992; Serna et al. 1996).

A knife blade has also been cited (Valle and Serna 2003: 384-386), but this has not been located 
among the archaeological assemblage.

Biotic remains

Anthracological remains

The study of the 19 charcoal remains has shown that they come mostly from deciduous oak (Quercus t. 
robur), in both Level I (n=10) and NDL (n=8). A single piece of charcoal from Laurus nobilis was also 
identified in the latter level. A recent anthracological study has shown that the vegetation in the area 
around the Bay of Santander was characterised in the Iron Age by acidophilous oak woodland (Quercus 
robur) and holm oaks. The latter were widely used, above all for the scrub species associated with it 
(Uzquiano 2018). The presence of Quercus robur and Laurus nobilis at El Ostrero therefore suggests that 
they came from these vegetal formations.

Terrestrial mammals

A small number of mammal bones were found, in a poor state of conservation, highly fragmented and 
with badly-altered surfaces. 44 fragments have been studied (Table I) of which fifteen could be identified 
to anatomic and taxonomic level (Figure 3). The study of the teeth has also enabled the age at death of 
the animals to be estimated (Table II). All the remains belong to domestic animals of different ages.

The poor conservation of the bone surfaces does not allow any cutmarks connected with the 
management of the carcasses to be observed. Intense scavenging on a Bos taurus tibia (Figure 3, d) 
has resulted in the loss of the spongy tissue at the epiphysis, which is the last of the five stages of 
scavenging according to the classification of Haynes (1980). This has resulted in a bone shaft with an 
irregular sawtooth profile, very rounded ends and total absence of epiphysis. Considering the hardness 
of the distal epiphysis of a tibia, the scavenging must have been prolonged in time.

1. A preliminary study of the material by E. Peñalver at the Museo Geominero in Madrid showed that it was not made 
of amber. The SEM-EDS analysis was carried out by J. Setién and E. Ruiz in the Laboratory of the Materials Science and 
Engineering Division at the University of Cantabria, with the collaboration of I. Montero (CSIC).

NR MNI
Age

Neonatal Subadult Adult
Bos taurus 6 1 - - 1

Sus s. domesticus 5 1 1 - -

Caprinae 4 1 - 1 -

SubTotal 15 3 1 1 1
Large mammal 4 - - - -

Medium mammal 13 - - - -

Small mammal 1 - - - -

Indeterminate 11 - - - -

Total 44 3 1 1 1

Table 2 - Faunal osteological remains at El Ostrero.
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Marine and continental molluscs

A total of 15.337 marine mollusc shells have been studied (Table I). Taking into account the shells from 
a specified stratigraphic level, the shell midden is dominated almost exclusively by bivalves gathers 
in the mid- and low shore, on rocky, sandy, muddy or stony substrates (Table III). Based on the MNI, 
calculated from the NR, oysters (Family Ostreidae), razor shells (Superfamily Solenoidea) and grooved 
carpet shells (Ruditapes decussatus), in that order, make up c. 92% and c. 98% of the total number of 
molluscs (Table IV).

Oysters represent 44.2% (LII) and 64% (LI). Their MNI has been calculated from the left or concave 
valves. In the initial study of El Ostrero, the Portuguese oyster, Magallana angulata, was identified as 
well as the plain oyster O. edulis (Lamalfa et al. 1998: 53). However, phylogenetic studies have shown 
that the former species came from Asia and was possibly introduced to the Atlantic coast of Europe 
fortuitously in the 16th or 17th centuries on the hulls of ships (Batista et al. 2005; FAO 2005; Ranson 
1960). It is therefore very likely that all the oysters at this site are the species O. edulis. However, in this 
new study we have preferred to use the term Family Ostreidae for the remains lacking characteristic 
morphological elements of O. edulis. The number of complete right or flat valves, or fragments of the 
same that include the hinge, belonging to O. edulis are: LI=180; LII=92, NDL=273.

Figure 3 - Faunal remains. 1) Bos taurus, 2) Caprinae, 3) Sus scrofa domesticus; and 4) distal tibia fragment 
of Bos taurus (the alteration caused by carnivores is shown with a discontinuous line).
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Taxon SubsTraTe ZonaTion

Bivalves
Ostrea edulis Rocky Intertidal 

Solenoidea Superfamily Sandy Intertidal - Infralittoral

Ruditapes decussatus Sandy / Muddy Intertidal 

Lutraria lutraria  Sandy / Muddy Intertidal 

Mytilus sp. Rocky Middle Intertidal - Infralittoral

Acanthocardia tuberculata  Sandy / Muddy / With Rocks Infralittoral

Scrobicularia plana Sandy / Muddy Intertidal - Infralittoral

Cerastoderma sp. Sandy / Muddy Intertidal

Callista chione Sandy / With Rocks Intertidal - Infralittoral

Pecten maximus Sandy / With Rocks Intertidal

Venus verrucosa Sandy / Muddy Intertidal - Infralittoral

Gastropods
Patella sp. Rocky Intertidal - Infralittoral

Littorina littorea Rocky Upper Intertidal  

Tritia reticulata Rocky / Sandy Intertidal - Infralittoral

Table 3 - Classification of marine malacological taxa at El Ostrero according to their biotope.

SL NDL LI LII

NR % MNI % NR % MNI % NR % MNI % NR % MNI %

Ostrea edulis 320 3.7 166 16.5 300 7.7 171 32.6 99 3.6 57 17.8

Ostreidae Family 21 80.9 2 66.7 4048 46.9 302 30.1 2395 61.2 165 31.4 1733 62.4 70 24.4

Solenoidea Superfamily - - - - 1794 20.8 338 33.6 547 14.0 114 21.7 425 15.3 94 32.7

Ruditapes decusatus 1 3.8 - - 2240 26.0 171 17.0 563 14.4 64 12.2 414 14.9 44 15.3

Lutraria lutraria 1 3.8 1 33.3 155 1.8 15 1.5 79 2.0 8 1.5 30 1.1 6 2.1

Mytilus sp. 1 3.8 - - 43 0.5 3 0.3 9 0.2 - - 10 0.3 - -

Acanthocardia tuberculata - - - - 3 <0.1 1 <0.1 1 <0.1 1 <0.1 - - - -

Acanthocardia sp. - - - - - - - - - - - - 10 0.3 2 0.6

Scrobicularia plana - - - - - - - - - - - - 2 <0.1 1 0.3

Cerastoderma sp. - - - - - - - - 1 <0.5 - - 4 0.1 3 0.1

Callista chione - - - - 1 <0.1 - - - - - - 11 0.4 3 0.1

Pecten maximus - - - - - - - - - - - - 5 0.1 1 0.3

Venus verrucosa 2 7.7 14 0.16 4 0.4 13 0.3 2 <0.1 30 1.1 6 2.1

Indet. Bivalve - - - - 2 <0.1 - - 2 <0.1 - - 4 0.1 - -

Patella sp. - - - - 1 <0.1 1 <0.1 - - - - - - - -

Littorina littorea - - - - 1 <0.1 1 <0.1 - - - - - - - -

Tritia reticulata - - - - 2 <0.1 2 0.2 - - - - - - - -

Total 26 100 3 100 8624 100 1004 100 3910 1000 525 100 2777 100 287 100

Table 4 - Number and percentages of the marine malacological taxa in the different levels at El Ostrero. 
NR: Number of remains; MNI: Minimum number of individuals.
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The other relatively abundant species are razor shells (LI=21.7% and NDL=33.6%) and fine clams 
(LI=12.2% and NDL=17%). Other bivalves gathered as food are Lutraria lutraria, mussels Mytilus sp., peppery 
furrow shell Scrobicularia plana, cockles Cerastoderma sp., warty venus clam Venus verrucosa and smooth 
clam Callista chione. Remains of the rough cockle Acanthocardia tuberculata and the scallop Pecten 
maximus have also been documented. As these are typical of the low shore zone, it is possible that these 
were empty shells picked up on the beach. Four gastropods complete the record: a limpet (Patella sp.), a 
periwinkle (Littorina littorea), possibly gathered as food, and two Tritia reticulata. The latter gastropods 
are small with no bromatological value and must have been gathered for some other purpose.

One of the agents responsible for altering the valves is a sponge in the genus Cliona, which lives 
in the inter-tidal zone and at a depth of 10m on exposed shores and in estuaries. It causes circular perfo-
rations on the outside of concave (left) valves (Figure 4). The worst affected shells were in LI (11.6%).

Figure 4 - Top: 1) Oyster valves (Ostrea edulis). 2) Fragments of razor shells (Solen sp.). 3) Fragments of clam valves 
(Ruditapes decussatus). 4)  Fragments of Venus verrucosa valves. Bottom: Epifauna on Ostrea edulis valves in Level I: 5) 
Poriferous sponge Cliona sp.; 6) polychaete annelid Polydora sp. 7) Bryozoan Cryptosula pallasiana (Magnifications X8).
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An Acanthocardia tuberculata valve from the surface level was altered by a perforating organism 
as the start of an orifice that did not penetrate the valve can be seen on its surface. The annelid Polydora 
sp. is another agent that causes alterations to oysters as it forms tubes with two holes that connect 
to the exterior. It usually affects molluscs in sheltered areas, mostly in muddy substrates. The worst 
affected shells are from LII, where c. 27% display this alteration (Figure 4). Only a valve from LI conserved 
remains of the bryozoan Cryptosula pallasiana on its surface. This species presents calcified frontal walls 
and colonize mollusc shells and stones mainly in the intertidal zone, from sheltered estuarine areas to 
relatively exposed shores. (Figure 4)

Most of the shells were fractured anthropically, either when they were consumed or later, when 
they were abandoned, or during the excavation and storage process. These fractures affect the species 
with thinner shells. Some of the oyster shells are fractured on their edges, which shows how they were 
opened to eat the bivalve. Most of these alterations are seen on shells from the non-determinate level 
(7.6% of the flat valves and 4.4% of the convex shells). 

Few shells are affected by heat, and they are all oysters. They are most common in LI (1.4%). All 
the malacological remains are affected by decalcification as a result of the conditions of their burial in 
the deposit.

A biometric study of the maximum height of the flat O. edulis valves (Figure 5) shows that oysters 
of different sizes were gathered, although specimens between 70 and 80mm in height predominate. No 
significant differences can be seen between the oysters from different stratigraphic levels at population 
level.

Finally, 22 remains of continental molluscs have been identified (Table I). These represent seven 
individuals of Cepaea nemoralis (LI=2; LII=3; NDL=2) and one of Cornu aspersum (NDL).

Radiocarbon date

An Ostrea edulis valve from the base of the sequence (LII “between stones”) was chosen for a 
radiocarbon determination. The calibration dated this shell between 700-360 cal BC (OxA-32298: 2766 
± 26 BP, 13C: 1.84). The date was calibrated with Oxcal version 4.4.4 (Bronk Ramsey 2001, 2009) and the 
Marine20 calibration curve (Heaton et al. 2020), using the ΔR= -105±21 established for the Mesolithic in 
the region (Soares et al. 2016).

Figure 5 - Boxplots comparing the maximum height of the flat (right) and convex (left) Ostrea edulis valves in the 
different levels at El Ostrero.
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Discussion and conclusion: a reconstruction of subsistence in Cantabria in the Iron Age

The new study of the archaeological assemblage at El Ostrero has succeeded in establishing the 
chronology of the deposit from 700-360 cal BC, in the Early Iron Age. In the pottery assemblage, the three 
everted rims with finger impressions can be associated with that period and with similar assemblages at 
such Cantabrian sites as the hillfort of Castilnegro (Medio de Cudeyo) – 6th to 2nd century BC (Valle 2010; 
Valle and Serna 2003), Alto de La Garma (Omoño) – from the 7th or 6th century BC to the second half of 
the 1st century BC (Bolado et al. 2015), Argüeso-Fontibre (Campoo de Suso) (Ruiz 1999), attributed to the 
Early Iron Age, and El Gurugú (Boo de Guarnizo), where the first layers are dated in the 4th century BC 
(Valle 2000; Valle and Serna 2010). The fact that most of the ceramic products at the site are hand-made 
suggests an ante quem date for the assemblage, as occurs at Alto de la Garma, before pottery wheel was 
introduced in Cantabria (Cubas et al. 2013). However, it is most likely that the pottery assemblage is the 
result of an isolated use, possibly between the 8th and 6th centuries BC.

Together with this phase, to which most of the remains belong, another small assemblage consists 
of Roman coarse ware, a tegula fragment, and the head of a ring or button possibly adorned with glass 
paste. This is indicative of a sporadic use or occupation in Roman times, when the remains may have 
become mixed with the pre-Roman levels by post-depositional processes.

The information obtained in El Ostrero contribute to the reconstruction of the economic basis 
of Iron Age communities. The archaeomalacological remains show that marine resources must have 
complemented the diet based on livestock, wild prey and cereals that was usual at coastal sites in 
the Iron Age, especially in the area of Galicia (e.g. Torres-Martínez 2011). Marine resources must have 
formed part of the subsistence of those populations, as different types of shell-midden deposits have 
been documented at other sites of the same age in northern Iberia, revised recently by Bejega (2015), 
for example El Campón (Villaviciosa, Asturias), and O Neixón (Boiro, Galicia).

In the case of El Ostrero, the malacological composition, dominated by Ostrea edulis, followed 
by razor and carpet shells, shows that the inter-tidal zone was exploited, both rocky areas on the 
sides of estuaries (51.5%), where mostly oysters were gathered, and sandy, muddy or stony substrates 
(48.5%), where the razor shells and different clams were obtained. No variation can be observed in the 
malacological composition in the different levels at the site, nor can any changes in the sizes of the 
oyster shells be detected. 

The modifications that affected the oyster shells before they were gathered show that they came 
from an estuary. The impact of sponges indicates that some of the oysters come from very low areas 
and may have been gathered at times of very low tides. The valves colonised by the annelid Polydora 
show that they were collected in sheltered areas. The find of the bryozoan Cryptosula pallasiana is also 
evidence of gathering in the intertidal zone.

The faunal remains belonging to Bos taurus, Sus scrofa domesticus and Caprinae reflect a livestock 
assemblage in accordance with other sites in the region (Arias et al. 2010; Valle 2010). However, because 
of the existence of objects dated in a later period, the coetaneity of the remains cannot be guaranteed.

Taken together, the data show that this site can be interpreted as a midden associated with an Iron 
Age population in the vicinity, although this has not been located. There was probably a later occupation 
in the area, judging by the few remains attributed to the Roman age. This is in clear agreement with the 
interpretation of other authors (Lamalfa et al. 1998; Valle and Serna 2003; Muñoz et al. 2007; Ruiz and 
Muñoz 2010).

El Ostrero has contributed to a characterisation of the occupations in the area of the Bay of 
Santander in the 8th to 6th centuries BC and start of the Late Iron Age. Sites like the Alto de la Garma, 
Castilnegro and El Gurugú are further evidence of a population established on high ground and in valleys 
that made use of the resources in their immediate surroundings.
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Abstract
This article presents the results of taphonomical, taxonomical and osteometrical analysis of the animal remains recovered from the 
archaeological site of Torre Velha (Castro de Avelãs), intending the recognition of livestock breeding practices, hunting strategies, 
animal manipulation and consumption preferences, within the context of other synchronic sites in north-west Hispania – province 
Gallaecia.
The analysed assemblage, mainly from the residential area of the settlement, covers the time frame from the 1st to the 2nd centuries 
AD. With a total of 1129 remains analysed and 401 identified specimens, mammals clearly dominate the bone sample with 93,27% 
of the collection, where birds and one fish vertebra were also recognized. The avifauna exhibits great taphonomical preservation, 
allowing measurements and biometrical data with great value to acknowledge and compare with other contemporaneous sites. 
An evident percentage of spiral breaks in long bone diaphysis was identified and, articulated with the recognition of a few cut and 
chop marks on the bones surfaces, we estimate this collection had primarily a dietary role.

Keywords
Trás-os-Montes – Portugal, Castro de Avelãs, civitas Zoelarum, Roman, Zooarchaeology.

Introduction

The archaeological site of Torre Velha, located in Castro de Avelãs - Bragança, presents itself as an 
imperative site from Trás-os-Montes (Figure 1), repeatedly cited among the archaeological literature and 
commonly identified as the capital of the Roman ciuitas Zoelarum (Costa 1959 Vol. I: 136; Alarcão 1988a 
Vol. II: 39, 1988b: 57, 96, 199, 373; Lemos 1993 Vol. II: 34, 66). Hypothesis sustained by the archaeological 
excavations conducted on the site by José Henriques Pinheiro (1888), in addition to a suggestive set of 
roman inscriptions found close by, with significant emphasis of the one dedicated to the God Aerno by 
the ordo Zoelarum: CIL 2606 (Redentor 2002: nº 1). 

The Zoelarum people, usually identified within the Northeast area of Trás-os-Montes, were already 
recognized by Pliny the Elder as one of the 22 populi of Asturias (Silva 2011: 18). Several other readings 
support this, such as the Astorga Tabula: CIL II 2633 – a bronze tablet with juridical inscriptions, where 
the Zoelas (or Zelas) are acknowledged within the social organization gentilitates (gens Zoelarum). Later, 
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probably during the Emperor Claudius era, this political community evolved to ciuitas and subsequently 
integrated the conuentus Asturum (Lemos 1993: 388). 

Castro de Avelãs was also strategically located on a major Roman road, via XVII of the Antonini 
Itinerarium that connected Asturica Augusta to Bracara Augusta, confirmed with the identification of 
two roman milestones – one of Augustus (2 BC) (Redentor 2002: nº 127) and the second of Caracala (AD 
213-214) (Redentor 2002: nº 129) – both recovered from the necropolis related with the S. Sebastião 
chapel (Pinheiro 1895: 82-84).

From 2012 to 2015 began new archaeological excavations, due to a protocol of Faculdade de 
Letras da Universidade de Coimbra with Município de Bragança, offering a unique opportunity to study 
Castro de Avelãs and the surrounding territory. The archaeological campaigns and the new surveys 
revealed a considerable extension of ancient remains within nearly 3 hectares, with a diachrony of 
occupation from the 1st century to the 12th century AD and a substantial recovery of materials and 
goods, as pottery, metallic, faunal and anthropologic remains, etc. The roman occupation of the site 
extends from the 1st to the 4th centuries and covers mostly the domestic living area of the Zoelas 
(Fernández et al. 2018; Redentor et al. 2018). Additionally, a primitive church – most probably erected 
in the 5th century – and a large funerary area with at least 0.5 hectares were identified. In the three 
phases of the project, 50 graves were excavated (n=50/59) and 39 individuals exhumed. A sample of 16 
individuals were radiocarbon dated (n=16) from the 6th to the 12th/13th centuries (Tereso et al. 2015).

With massive archaeological value and due to the scarcity of faunal studies from Trás-os-Montes 
(northern Portugal), particularly concerning the Roman period, this study focus on the analysis of animal 
remains recovered from the first occupation period of the settlement, dated between the 1st and 2nd 
centuries AD, from the new archaeological campaigns.

Materials and Methods

The excavation comprises mainly the residential area of the settlement (Figure 2), where a significant 
building from the Flavian dynasty was discovered. This building displays two distinct stratigraphic 
occupations: the first phase is from the middle of 1st to the 2nd centuries and the second phase from 
the 4th century. The analysed assemblage comes from a set of stratigraphic units excavated in the 
sectors AA-AB.40-42, dated from the 1st phase of occupation from the Early Roman Empire (Fernández 
et al. 2018: 72-76).

Figure 1 - Location of Torre Velha – Castro de Avelãs, Bragança.
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The faunal collection was recovered from the initial phase of the building, from what appears to be 
the exterior south area, with considerable domestic occupation and abandonment patterns. Substantial 
quantities of other archaeological remains were also collected, predominantly pottery vessels, with 
emphasis on Hispanic terra sigillata and south gaulish terra sigillata which allowed confident dating of 
the context, specifically of the last third of the 1st century AD until the beginnings of the 2nd century 
(Fernández et al. 2018: 72-76).

Most bones gathered during excavations are well preserved, comprising mainly mammals, some 
birds and one fish remain. All bone fragments were examined, counted and recorded with sample 
provenance (year, square, section, stratigraphic unit, bag unit, etc.), bone fragment (taxa, element, 
portion, side, fusion), taphonomic data (animal, human or geochemical modifications), osteometric 
measurements, and other relevant comments (for example, pathologies). 

Taxonomic identification depended predominantly on Schmid (1972), Barone (1976) and France 
(2009) for mammal determination; whilst for birds, Cohen and Serjeantson (1996) was the main guide. 
Ultimately, all the uncertainties were clarified using the osteological collection of the Archaeoscience 
Laboratory of Direção Geral do Património Cultural (DGPC) in Lisboa and other specific bibliography 
relating to detailed species, as Zeder and Lapham (2010), Zeder and Pilaar (2010) and Boessneck (1969) 
for distinguishing sheep and goat, or Heintz (1970) for bovines and cervids. 

When taxonomic identification was not achieved to species level, the faunal remains were divided 
by animal size, in three main categories: S (small specimens as rabbits), M (medium size animals as 

Figure 2 - Excavated area and location of the building from the Flavian dynasty.

2013 excavations

2012 excavations

plurianual excavations
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sheep, goat and pig) and L (large mammals as cattle and cervids). This is usually used for undetermined 
bone shafts, ribs and vertebrae that may give us insight on how the carcasses were processed, as well as 
which body parts were present or absent from the bone collection, regarding any kind of specialization 
or consumption preferences.

Age at death of mammals was calculated based on two distinct methods. For appendicular bones, 
three fusion stages of the epiphyses with respective diaphysis were considered: unfused for juveniles, 
partially fused for young adults, and fused for fully grown adults. Considering tooth analysis, tooth 
eruption and wear, Wilson et al. (1982) and Payne (1973) were pondered, particularly for sheep and goats. 

Taphonomic modifications were recorded considering the procedures laid out by Lyman (1994), 
as well as Reitz and Wing (2008). All taphonomic modifications – agents, processes and effects – were 
considered, specifically anthropic markers (such as fire variations due to cooking and/or roasting), 
butchery marks (from skinning, bone disarticulation and defleshing, together with marks from reducing 
animal carcasses into consumable parts), animal modifications (as carnivore gnawing, punctures marks 
from teeth, partially digested bones or others) and geo-chemical alterations that could weather, erode 
or abrade bone surface.

Quantification matters were conducted using firstly the Total Remains exhumed, the Number of 
Identified Specimens (NISP) and the Minimum Number of Individuals (MNI), with the aid of the Minimum 
Number of Animal Units (MAU). 

Finally, osteometric measurements were taken on mammal and avian bones according to von 
den Driesch (1976) parameters, as well as Davis (1996) for sheep and goat bones. 

Zooarchaeological data

The analysed sample contained a total of 1129 faunal remains, with a NISP of 401 and an estimation of a 
minimum of 26 individuals (Table 1). Mammals undoubtedly dominate the bone assemblage with 93.27% 
(n= 1053), followed by birds with 6.64% (n= 75) and finally fishes with only 1 remain identified, consistent 
with 0.09% of the data set.

NISP MNI

Mammals

Lepus sp. 4 1

Oryctolagus cuniculus 87 7

Sus sp. 63 3

Cervus elaphus 22 1

Bos taurus 101 2

Ovis/Capra 69 3

Total: 346 17

Undetermined 707 0

Birds NISP MNI

Alectoris rufa 8 1

Gallus gallus dom. 47 7

Total: 55 8

Undetermined 20 0

Fishes NISP MNI

Undetermined 1 1

Total remains 1129 26

Table 1 - Number of Identified Specimens (NISP) and Minimum Number of Individuals (MNI) by species.
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Domestic breeds are in clear majority at the site and include mainly cattle, caprines and suids, 
alongside with domesticated fowl – chicken. Although with considerable smaller records, wild species 
were also exploited by this population, with the recognition of reed deer, hare and red-legged partridge.

Mammals

Considering mammals alone, the analysed sample consists of 1053 faunal remains, 346 of which 
identified to species level and 267 bone fragments divided by size groups (Table 2) and a MNI of 17. 

As far as anatomical representation goes, all body parts were identified, but it seems carpals, 
tarsals and phalanges are the least represented elements on the sample.

Lepus sp. Oryctolagus 
cuniculus Sus sp. Cervus 

elaphus Bos taurus Ovis/Capra L M S

Horn/Antler - - - 12 4 - - - -

Skull - - 13 - 2 1 - 4 1

Mandible 1 14 5 - 17 9 - - -

Teeth - 1 18 2 25 25 - - -

Hyoid - - - - - 1 - - -

Atlas - - - - - - - 1 -

Cervical vertebra - 1 - - - - - - -

Toraxic vertebra - - - - - - 1 1 -

Lumbar vertebra - 1 - - - - - 5 -

Vertebra - - - - - - 8 6 -

Sacrum - 1 - - - - - - -

Rib - - - - - - 32 120 46

Scapula 1 10 - - 13 3 9 4 2

Humerus 1 4 4 - - 2 4 3 -

Radius 1 7 1 - 2 5 3 5 -

Ulna - 12 3 1 - - - - -

Metacarpus - - 2 1 6 3 - - -

Pelvis - 10 - 1 2 1 1 1 -

Femur - 8 - - 12 - 2 - -

Tibia - 14 2 - - 8 1 1 -

Fibula - - 2 - - - - - -

Calcaneus - - 1 1 - - 1 - -

Astragalus - - 1 - 2 1 - - -

Tarsal - - - - 3 - - - -

Metatarsus - 3 5 - 4 4 - - -

P1 - - 3 1 2 2 - - -

P2 - - - 2 2 - - - -

P3 - - 1 - - - - - -

Phalange - - - - 3 - - 1 -

Metapodial - 1 2 1 2 4 3 1 -

NISP 4 87 63 22 101 69 65 153 49

Table 2 - Mammal Anatomical Representation and group sizes by species.



130

Faunal remains from the Roman Zoela territory. 
Insights based on the archaeological excavations 

(2012-2015) of Castro de Avelãs - Bragança

Vera Pereira, Sofia TereSo,
Miguel CoSTa, Clara andré,
Pedro C. CarValho

Lagomorphs

With 91 remains identified and a combined MNI of eight, it is very clear that lagomorphs played an 
important role in these populations diet and are a consistent and extensively exploited resource. 
Undoubtedly, the most frequent mammals documented on the archaeological record of the settlement 
so far.

Most leporids match Oryctolagus cuniculus (European rabbit), with 87 fragments analysed and 
a MNI of seven (achieved through seven left proximal tibias), that could be either from small game 
hunted directly nearby or previously hunted and kept animals to be fatten. Although there are records 
from the romans already keeping these animals in their leporidarium with the intent to get them fatter 
and bigger before consumption, we still can’t speak of domestic or even tamed animals/breeds at this 
point (Irving-Pease et al. 2018: 149) rather than largely consumed animals.

Lepus sp. (hare) was also recognised on the assemblage, due to not only its morphology but 
also with strong corresponding osteometric measurements, as shown by Llorente (2010), through four 
remains identified – one ulna, one scapula, one humerus and one mandible, all from the right-hand 
side – counting as a minimum number of one individual present. 

For both species, most elements analysed are from fully fused bones, therefore corresponding to 
adult animals. Additionally, most bones display green and/or spiral breaks, which can strongly suggest 
these lagomorphs were used for consumption as an important source of meat with a primary subsistence 
role on their diets, instead of a status food associated with laurices (foetal rabbits) described by Pliny 
the Elder (Irving-Pease et al. 2018: 149).

Suids

Apart from three teeth fragments of canines that can be ascribed to wild boar (Sus scrofa), the distinction 
between wild boar and domestic pig (Sus domesticus) was not achieved at this point, as both species 
are extremely similar. Consequently, all faunal remains were grouped together and attributed to Sus sp., 
where 63 remains were recognised. 

Suid remains identified on the bone sample are very heterogeneous and display different age 
of death patterns. A MNI of three was achieved, considering two distinct maxilla fragments and one 
mandible that exhibited different levels of size and teeth ware: one maxilla fragment of a piglet, with 
dp4, M1 and M2 with no ware; one mandible fragment with P4, M1 and M2 (with W, WJ and E, estimated 
age between 11 and 19 months, according to Bull and Payne 1982: 59); and one maxilla fragment with M2 
and M3 with severe ware of a senior adult.

Considering both the appendicular and axial elements, 33% of the bones belong to unfused 
bones, in contrast with only 24% of fully fused ones. However, when considering the fusion stage of 
the epiphysis with the metaphysis and its corresponding fusion age, it is expected that a clear group of 
the remains belong to juvenile and/or young adults. It is possible to acknowledge at least four proximal 
metapodials that are still unfused (usually fuse before birth) matching very spongy bones, meaning 
these animals would probably be piglets and have died very early on its life; also, three unfused distal 
humerus that should fuse together at the age of 12-18 months; four other that fuse usually around 24 
months old; and three more that generally fuse between 24-27 (Reitz and Wing 2008: 72). As far as late 
fusing patterns that would match adults, only one distal tibia fragment was identified (usually fuses 
at 30 months old) and a complete fully fused calcaneus (proximal epiphysis fusion at the age of 24 to 
30 months old). Also, regarding mandible and deciduous teeth fragments, two dp4 identified inside 
the mandible have small or no ware at all, with a very fragile and spongy shaft mandible bone. On the 
opposite side, a M2 and a M3 still in the maxilla were identified with severe dental ware, maybe from a 
senior adult used for reproduction reasons.
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In articulation with several spiral breaks identified, we can prudently determine suids were 
slaughtered at a very early age, probably due to fast breeding for meat consumption.

Cervids

Cervus elaphus (red deer) is the only cervid identified in the sample with 22 bone fragments and a 
MNI of one. The distinguishable elements of this ruminant in the assemblage correspond generally to 
metapodials, phalanges, an acetabulum fragment and an ulna, all form fully fused bones with several 
cut and chop marks. Several fragments of antler, specifically part of a crown of a large adult male where 
also identified, with clear anthropic modifications that expresses intention of making and using it as 
some sort of tool (Figure 3). 

Widespread across Iberia, alongside with the presence of rabbits and hares, this species testifies 
once more hunting wild game occurred as a common activity led by the inhabitants of Castro de Avelãs.

Bovines

Bos taurus (cattle) is represented in the assemblage with 101 bone fragments and a MNI of two (attained 
through two complete right metacarpals). 

Figure 3 - Crown of Cervus elaphus (red deer) antler with anthropic modifications as a bone tool (AB 39.4, UE 62/63). 
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Among the sample all appendicular and axial elements are well characterised and relate mainly 
to adult specimens. The age of death patterns show mostly fully fused bones, where the youngest 
epiphyseal fusion identified was between 6-10 months old with two pelvis acetabula; also, two proximal 
1st and two proximal 2nd phalanges fully fused were identified and it usually fuses between 18-24 months 
old; or even three fused distal metapodials that usually fuse between 24 to 36 months of age (Reitz and 
Wing 2008: 72). Here we can easily state that these animals would be at least 6 to10 months old when 
they were slaughtered, but surely, we are looking at older mammals as a mandible with a M1 and a M3 
dental ware also exemplifies, with correspondingly k and g tooth ware stages according to Grant (1982: 
92, 96), or more than three years old according to Grigson (1982: 13). 

Butchery marks are present throughout most bones, with consistent cut and chop marks, most 
likely from disarticulation and carcass processing for human consumption.

Noteworthy example for this species on the studied assemblage, is an anterior portion of mandible 
with visible irregular alveoli, where the incisive teeth would fit, with a clear morphologic anomaly that 
could be due to a pathology (Figure 4), such as swollen face or periodontitis, that could be associated 
with domestication behaviours or consequences.

As cattle herding was already widely established across the Roman Empire, unquestionably a 
major source of meat and one of the main domestic mammals present at the site, this species would 
probably also be used here for its traction and labour force within the plough fields, as well as for milk 
and other secondary products.

Caprines

Caprines are well represented in Castro de Avelãs with 69 faunal remains identified and a minimum 
of three specimens present at the settlement, that can be recognised through three nearly complete 
right-hand side mandibles, two of them of adult specimens and the third of a juvenile.

The distinction between Capra hircus (goat) and Ovis aries (sheep) is particularly difficult due to 
skeletal similarities between both species, reason why only one complete mandible and one deciduous 
tooth – dp4 – were recognized as undeniably goat, but it is likely that sheep were also present at the 
site. All the other appendicular and axial elements were clustered as Ovis/Capra.

Regarding age of death outlines for these species, most bones were characterized by diaphysis or 
appendicular bone fragments where the epiphyseal fusion was not visible. Nevertheless, four elements 
(three metapodials and one humerus fragment) were clearly from juvenile animals, with very fragile and 

Figure 4 - Bos taurus (cattle) mandible with visible pathology (AB 39.4, UE 62/63).
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spongy bones, two proximal 1st phalanges that would fuse together at around 11-15 or 6/16 months old, 
and two distal tibias that would fuse around 19-24 or 15-24 months of age (Reitz and Wing 2008: 72) were 
also recognised. 

Observing mandibles and teeth ware alone, according to wear stages described by Payne (1973: 
298-299, 1987: 610-611) it was possible to determine:

- Mandible with dp3, dp4 (13 L ware) and M1 (0 ware) would be Stage B and have around 2-6 
months of age;
- Mandible with dp3, dp4 (16L ware) and M1 (9A ware) would fit to stage C and have around 9-12 
months old;
- Mandible with M1 (9A ware), M2 (7A ware) and M3 (0 ware) would be at stage D and have 21 to 
24 months of age.

Birds

Bird remains comprise a total of 75 elements, of which 55 could be identified to species level and 
compose a MNI of 8. The avian sample studied is very interesting, as it is extremely well preserved 
and allows a lot of measurements that, when comparing it with other synchronic sites, can be of aid to 
better characterized the domestic fowl from this territory.

Domestic chicken absolutely dominates the assemblage and all anatomical parts of the skeleton 
seem to be present, with an interesting dominance of radii (Table 3). 

Partridge

Alectoris rufa (red-legged partridge) was identified through eight remains of fully fused bones and a 
MNI of one. Although not very abundant on the archaeological record, we can surely state there was at 
least one female, identified through one femur fragment, with the specific trabecular growth inside the 
bone that happens only when the females lay eggs.

Element Alectoris rufa Gallus gallus domesticus

Skull 2

Vertebra 2

Clavicula 6

Sternum 6

Coracoid 5

Scapula 2

Humerus 1 2

Radius 1 10

Ulna 2

Carpometacarpus 1

Pelvis 1

Femur 2 5

Tibiotarsus 2 4

Phalange 1

NISP 8 47

Table 3 - Birds Anatomical Representation by species.
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Its presence testifies once again hunting small game would probably complement and enrich 
these populations diet. 

Fowl 

Gallus gallus domesticus (domestic chicken) is one of the two dominant species identified within the 
faunal remains, with 47 bone fragments and a MNI of seven (acknowledged through seven proximal 
right hand-side diaphysis of radii). 

Domestic fowl is widely identified among roman settlements across the Western Roman Empire 
and it relates not only to food consumption habits for its meat and eggs, but also to symbolic and 
entertaining activities (Garcia Petit 2017: 56). 

Most of the identified remains exhibit spiral fractures, characteristic of bone breaking while still 
fresh to enable cooking and its consequent consumption, reason why this remains are probably a result 
of feeding behaviours. Considering anatomical representation, there is a clear preponderance of the 
radii, with a total of ten identified, which might suggest a special preference for chicken wings.

Most elements are complete or nearly complete, allowing many osteometric measurements that 
can be very useful to characterize this avian population and to enable a comparison with synchronic 
sites. We grouped published measurements of roman galliformes from Santarém, described as GNP – 
Gallus, Numida or Phasianus (chicken, guinea fowl or pheasant) (Davis 2006: 134), with measurements of 
Gallus gallus from Galicia, particularly from Casa Martelo (A Coruña), Calle Real (A Coruña) and Campo 
Castillo 21 (Lugo) (Fernandez Rodriguez 2003: 223) and measurements of our data to portray Castro 
de Avelãs domestic fowl. We tried several measurements on different bones and it seems there are 
no significant changes and the specimens of the five settlements group up homogeneously, as we can 
see in Figure 5 with tibiotarsus Bd (greatest breadth of the distal end) and Dd (depth of the distal end) 
measurements.

Figure 5 - Gallus gallus domesticus (domestic fowl) scatter plot of tibiotarsus measurements.
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Fish

With only one fish vertebra recovered from the archaeological record and 0,09% of the sample, it is only 
possible to attest its presence, as taxonomic identification was not possible to attain. 

Discussion and Conclusions

Domestic species comprise 58% of the assemblage where chicken stands out with a MNI of seven. 
Middle size animals such as pig, sheep and/or goat conquer second place with an equal MNI (n= three) 
and finally cattle with at least two individuals identified at the bone sample.

Regarding wild game, rabbits lead as the main hunted species with at least seven specimens 
identified, abundant and easy to hunt, followed by hare, red deer and red-legged partridge.

The age of death estimations suggest suids were slaughtered at a younger age, mostly juvenile, 
and possibly for primary meat consumption purposes. Sheep and goats were killed within their first or 
second year of life with possible similar diet purposes, while cattle seem to correspond to slightly older 
animals used not only for its meat, but also for its traction labour and probable use of secondary products.

Generally, the sample shows some degree of weathering, predominantly stage 1 (according to 
Behrenshmeyer 1978: 151), probably from being exposed to the atmospheric elements for some time 
after being discarded.

Although no carnivore bones were identified among the sample, a few bones have carnivore 
gnawing marks on the bone surface which suggest there were some small carnivores feeding on these 
remains. Perhaps consequence of commensal animals such as dogs and cats that lived at the site or nearby. 

Almost no burn marks were recognized on the bones and 58% of the assemblage displayed spiral 
fractures (broken while the bone was still fresh), which tell us these remains could be the result of 
feeding activities that involved mainly boiling or roasting the food for consumption, using not only the 
meat, but also rendering bone marrow and fat. Additionally, butchering marks were identified in 11% of 
the analysed sample, specially cut and chop marks, largely on ribs, followed by mandibles and scapulas, 
but present on almost every anatomical element, as a result of carcass and food processing.

The assemblage appears to be consistent with other archaeological sites from the same time 
frame and neighbouring regions of Galicia as Factoría de A Igrexiña with 42 remains, Campo Castillo 21 
(Lugo) with 215 remains, Santo Domingo with 1015 remains, A Pobra de Valdeorras (Vila de San Salvador) 
with 47 remains and Astorga with 1925 preserved remains from the Early Empire (Fernandez Rodriguez 
2003: 63-69, 117-127, 128-130, 133-139, 140-174), but further studies with osteological measurements and 
new approaches (as mobility and isotope analysis) are needed to compare size changes or continuities 
among the domestic livestock, as well as distinctive breeds, mobility and others. The bone collections 
differ a lot in size, nonetheless domesticates dominate all assemblages with the same breeds taking the 
leading roles, with cattle, sheep/goat, pig and fowl. Concerning wild animals, cervids (red and roe deer) 
were identified in all four bone collections exhibiting as the principal wild species.

Widely discussed among scholars of the Roman period, the Roman conquest of territories in 
the Iberian Peninsula and across the Western Empire would have brought changes, with a new socio-
political system that affected animal husbandry, production and consumption patterns. It was thought 
to be a homogeneous changing movement called 'Romanization', but it is now known it did not happen 
the same way or at the same time across all provinces of the Empire. Ecological conditions and cultural 
preferences of the different provinces had also played an important role (Valenzuela-Lamas and Albarella 
2017). Unfortunately, there are not enough studies from the Nothern Portugal to compare with the new 
data presented in this study, but it seems that there were no major changes regarding animal husbandry 
and consumption patterns documented in this territory (Valenzuela-Lamas and Albarella 2017: 405). 



136

Faunal remains from the Roman Zoela territory. 
Insights based on the archaeological excavations 

(2012-2015) of Castro de Avelãs - Bragança

Vera Pereira, Sofia TereSo,
Miguel CoSTa, Clara andré,
Pedro C. CarValho

Finally, the obvious lack of carpals, tarsals and phalanges might be related to food selection and 
specialization of meat consumption patterns, where these animal parts might be viewed as less noble 
pieces and discarded, or consumed by/sold to other segments of the population. Furthermore, the 
abundant presence of chicken and the preference on chicken wings, related to superior food for the 
higher social classes (Garcia Petit 2017: 56), might likewise show some sort of status when relating to 
food and specific feeding patterns. We could indeed be in the presence of a significant and important 
settlement, once again relating Torre Velha of Castro de Avelãs to the roman capital of ciuitas Zoelarum. 
However, more studies and new data is needed for a better understanding of the site itself and 
the territory it relates to, not only from de Roman period, but also from Iron Age and Middle Ages, 
with the main goal of distinguishing meat consumption, production and mobility patterns within its 
corresponding socio-political systems. 
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Abstract
A zooarchaeological study of the animal remains uncovered during the 2010 excavations at a public street in Lisboa, Rua de São 
Mamede, opposite no. 19, is now presented in this paper.
This intervention was framed by a project aiming the study and improvement of Lisboa's 'Ancient Wall', being part of a series of 
archaeological programmed excavations.  That project's main goal was the identification, dating and uncovering of the medieval 
Wall and previous periods remains.
Two surveys were carried out at Rua of São Mamede and both yielded materials dated from the Roman period (between the final 
of the third quarter of the 1st century AD and the start of the second quarter of the 2nd century AD). We discuss here the faunal 
remains uncovered during these surveys so as to reconstruct the ancient inhabitants' diet. A wide range of mammals was present, 
including sheep/goat (Ovis aries/Capra hircus), cattle (Bos taurus), suids (Sus sp.) and rabbit (Oryctolagus cuniculus). Remains of 
molluscs, including oyster (Ostrea edulis), were also registered.
This study made possible the drawing of a profile not only of this place's population diet but also their pattern of demand and 
food production.

Keywords
Zooarchaeology, Rua de São Mamede, Animal remains, Roman period, Lisbon.

Introduction

This paper presents the zooarchaeological study of the animal remains uncovered during 2010 Pedro 
Miranda and Marina Carvalhinhos excavations at a public street in Lisboa (Rua de São Mamede, opposite 
no. 19), on Castelo de S. Jorge hillside (Figure 1) .

The two excavation areas were opened taking as reference the hypothetical implantation of the 
defensive structure proposed by Augusto Vieira da Silva, in 1987 (Mota et al. 2017: 151).

Those surveys main objective was the identification, dating and uncover of remains 
contemporaneous to the medieval urban wall and previous periods, focusing on its Western haul, 
supposedly spreading down  the South-West slope from the Castelo’s 'Alcáçova’ to the ancient river 
bank, close to nowadays Rua da Padaria/ Rua dos Bacalhoeiros’ corner.

No structural signs of ‘Cerca Velha’ (Lisboa’s ancient defensive Wall) were identified during the 
archaeological intervention, however, these two surveys allowed the archaeologists to uncover traces 
of Early Roman Empire occupation (Mota et al. 2017: 152).

Regarding the faunal remains, a wide range of domestic animals was recovered, including sheep/
goat (Ovis aries/Capra hircus), cattle (Bos taurus) and suids (Sus sp.). Wild species, like red deer (Cervus 
elaphus) and hare (Lepus sp.), birds and remains of molluscs were also present.
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In Valente, Maria João, Detry, Cleia, Costa, Cláudia (eds.), New TreNds iN iberiaN Zooarchaeology. Estudos & Memória 19. Lisboa: UNIARQ - Centro de Arqueologia 
da Universidade de Lisboa, p. 139-148. 
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Archaeological context

The excavation consisted of two archaeological surveys measuring 5 m x 1.5 m, with 2 m apart, on the 
pedestrian sidewalk and parking places adjacent to the lower section of Escadinhas (stairs) de São 
Crispim (Mota et al. 2017: 153) (Figure 2).  

On survey 1, a few Contemporary period contexts were found directly upon the Roman levels, 
while on survey 2, a similar sequence was identified, but presenting truncated residual contexts and 
Medieval and Modern ages structures, over the Roman levels (Mota et al. 2017: 154). Then, archaeologists 
focused on the Roman levels to understand the chrono-stratigraphic aspects of this period.

In order to comprehend the site’s dynamics, a small scale (1 x 1 m) dig was made inside survey 1, 
3.5 m in depth but nevertheless the bedrock was not reached (Mota et al. 2017: 154).

Figure 1 - Map of Lisbon with the location of the Rua de São Mamede, public street (CAL Archive).
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Throughout this process, it was possible to verify that the Roman period stratigraphy consisted 
of a flattened ground level made to smooth the street slope caused by a structured garbage dump in an 
East-West direction. However, presently it still holds a steep slope (Mota et al. 2017: 156). 

The surveys stratigraphic sequence suggests a premeditated, structured deposition carried out 
by an intensive and relatively fast accumulation of debris from domestic environments and building 
reformulations, aiming the supposed goal of levelling this hillside area (Mota et al. 2017: 157).

The Roman period contexts materials study made possible to recognize that an extended phase 
of the landfill occurred between the terminus of the period Julio-Claudian/ beginning of the Flavian 
period and the start of the second quarter of the 2nd century (Mota et al. 2017: 159).

All animal remains uncovered in both surveys, mostly in survey 2, were dated from the Roman 
period.

Methods

All bones and teeth were analysed and recorded according to Davis (1992) methodology, where all 
bones are examined, but only those that have an articulation, or some distinguishing feature allowing 
the species identification, are accounted for.

Bones were only counted when they had at least half of the articular zone of the epiphysis 
preserved, or in the case of teeth, 50% of a lower tooth and in the case of mandibles when these included 
at least one tooth. However, due to our small sample, we have also counted the carpals and ulnae, as 
well as some proximal parts (e.g. radius), since these can also be identified to species level.

Figure 2 - Implantation of the two archaeological surveys in Rua de São Mamede (CAL Archive).
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We followed Schmid (1972) and the reference collection of Laboratório de Arqueociências/ 
Direção Geral do Património Cultural (LARC/DGPC) when identifying mammalian and birds remains.

To distinguish between sheep and goat bones, we used the criteria establish by Zeder and 
Lapham (2010). Only one postcranial bone, an astragalus, made the distinction possible. That can be 
observed when viewed from the lateral side:  instead of a ‘tear-drop’ shape, the bone has a more semi-
circular shape, indicating that we are in the presence of a sheep astragalus. We have also observed that 
the medial articular ridge is less pronounced and more horizontal. To distinguish these animals’ horns 
we used Schmid (1972: 90). It was possible to observe that sheep horn have a more triangular shape 
while goat horn have a more plano-convex shape.

We used Number of Identified Specimens (NISP) when quantifying the remains both anatomic and 
taxonomically, and to obtain the Minimum Number of Individuals (MNI) we divided the most frequent 
bones by the number of times they appear on the skeleton (e.g. the astragali is divided by two).

We followed Payne (1987) and Deniz and Payne (1982) scales of teeth wear pattern in dental wear 
of caprines analysis. Grant (1982) was used in dental wear of suids and cattle.

Bone fusion was analysed in order to estimate the approximate time of slaughter. Therefore, 
fused (F) and unfused bones (NF), unfused epiphysis (NFE) and unfused metaphysis (NFM) were 
registered when possible.

Osteometric data was obtained according to Driesch (1976) criteria.
Regarding invertebrates, it was recorded whether only one fragment, hinge, apex or full shell was 

present, using Macedo (1996) and Matos (2014) manuals for species identification. However, fragments 
smaller than 0.5 cm were not considered.

Taphonomic features such as cuts and fire marks and non-anthropic agents such as carnivores 
and rodents were also recorded.

Results and Discussion

Survey 1 provided 33 fragments and survey 2 supplied 83 faunal remains, both included mammal and 
molluscs. The animal remains uncovered revealed some degree of diversity, suggesting the use of both 
terrestrial and aquatic resources.

A total of 116 animal remains was studied, including vertebrates (NISP= 87) and invertebrates 
(NISP= 29), these included bivalves (NISP= 23) and gastropods (NISP= 6). The vertebrate sample included 
birds (NISP= 3) and mammal fragments (NISP= 84).

Invertebrates

This small collection of invertebrates is composed by 29 molluscs, 6 of which belong to the gastropod 
class and 23 to the bivalve one (Table 1). We were able to identify some of these species.

The most common gastropods are the limpet (Patella sp.) and toothed top shell (Monodonta 
sp.), with two remains each, both marine species, usually found in rocky areas of low intertidal zones 
(Macedo 1996: 68-70, 80-81).

Bivalves are mostly represented by oyster (Ostrea edulis), featuring 14 elements. In smaller 
quantities, we identified five clam shells (Ruditapes decussatus) and, featuring an element each, mussel 
(Mytilus edulis), scallop (Pecten maximus), Mimachlamys sp. and Anomia sp. These can often be found in 
rocky zones of intertidal areas (Macedo 1996: 133-142) or in beach environments, on a thin sandy layer 
or muddy gravel (Macedo 1996: 136, 146-169).
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The presence of these species showed us that several coastal and estuarine ecological niches 
were explored. These molluscs are also frequent in other archaeological Roman period contexts (e.g. 
Monte Molião, Detry and Arruda 2012, Detry and Arruda 2013; Alcáçova de Santarém, Davis 2006; Núcleo 
Arqueológico da Rua dos Correeiros (NARC), Valenzuela-Lamas 2014). 

Vertebrates

Birds

Three fragments of bird bones were uncovered in survey 2 - Stratigraphic Unit (S.U.) [255]. Nevertheless 
it was only possible to identify two of them: a tarso-metatarsal and a tibio-tarsal of chicken (Gallus 
domesticus). This species is already frequently consumed in this chronology and registered in several 
archaeological Roman period sites (e.g. Monte Molião, Detry and Arruda 2013; Monte dos Castelinhos, 
Santos et al. 2018; Alcáçova de Santarém, Davis 2006; among others), having been introduced into 
Iberian Peninsula from Asia by Phoenicians, but only widely consumed in  Roman period (Davis 2007).

This minor sample of birds may indicate that their consume was rather occasional or that due 
to the small size and fragility of the bone fragments these have not all been collected during the 
excavations works.

Mammalia

This is the most numerous group of vertebrates, composed by 84 remains with taxonomic identification 
(Table 2).

 Caprines (sheep/goat – O. aries/C. hircus) are the most common animals with 31 remains, two 
of which belong to sheep and three to goat. However, it was not possible to distinguish 26 elements 
between sheep or goat due to their skeleton similarity.

Sheep were raised to supply meat and secondary products, such as wool and milk, and were 
introduced into Europe during Neolithic (Davis 2002: 44). Goats were raised with the same purpose 
(supply of meat and milk).

NISP % MNI %

Mollusca - - - -

Gastropoda
Patella sp. 2 7% 2 7%

Monodonta sp. 2 7% 2 7%

Theba pisana 2 7% 2 7%

Bivalvia
Mytilus edulis 1 3% 1 4%

Ostrea edulis 14 48% 14 52%

Pecten maximus 1 3% 1 4%

Ruditapes decussatus 5 17% 4 15%

Mimachlamys sp. 1 3% 0 0%

Anomia sp. 1 3% 1 4%

Total 29 100% 27 100%

Table 1 - Numbers of Identified Specimens and Minimum Number of Individuals of uncovered invertebrate.
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 Suids (Sus sp.) are also abundant, represented by 21 remains (2 MNI), followed by cattle (Bos 
taurus) with 14 elements (one MNI). Suids would be raised to obtain meat, while in the Roman period 
cattle would be mainly used for traction. According to Clutton-Brock (1999) Roman writers, such as 
Columella and Varro, rarely refer to cattle with other purposes than their use for traction or rituals.

The suid remains did not allow us to make the distinction between pig (Sus domesticus) and 
wild boar (Sus scrofa). These animals size in the Iberian Peninsula overlaps, being the Iberian boar of 
smaller sizes (Albarella et al. 2005), so the safest way to distinguish them is by obtaining osteometric 
measurements, which was not possible in this case.

We observed the presence of dog remains (Canis familiaris), featured by a single fused metatarsal 
III, uncovered in survey 1 – S.U. [112].

Hunting is confirmed by the presence of red deer (Cervus elaphus), with 13 remains (two MNI), 
rabbit (Oryctolagus cuniculus), with three elements (one MNI), and hare (Lepus sp.), featured only by 
one calcaneum.

Skeletal frequency (Table 3) suggests different domestic and wild animals processing types. 
While domestic animals featured in several skeleton parts, suggesting local carcasses preparation, wild 
animals seem to have been butchered elsewhere and then transported to the site as only the more 
meaty posterior and anterior limb bones were uncovered.

Tooth wear analysis, focusing on the exposed dentin, gave way to estimate some of the animals 
approximate age on slaughtering.

Concerning dental wear patterns, suids teeth analysis proved that we were in the presence of 
two individuals with different ages on slaughter, being one still juvenile and other adult, not showing a 
very accentuated wear, but presenting already some indications of age. Suids were much appreciated 
by Romans, who generally slaughtered them at young ages when their meat is more tender.

Regarding cattle, these animals in general exhibit more pronounced teeth wear. This may be due 
to the fact that they were used for traction and kept longer before being slaughtered.

Regarding caprines (two MNI), ages on death ranged from 3 months to 2 years in one of the 
individuals and between 12 months and 4 years in another. According to their dental wear, these animals 
were probably raised not only for their meat but also for their secondary products.

Observing the fusion on some suid and caprine bones, we noticed unfused ulnae, humeri, tibiae 
and radii, indicating the presence of juveniles/young adults, such as seen in both species teeth wear.

Through the obtained osteometric measurements, it is possible to verify that Rua de São Mamede 
uncovered remains are similar to those from other contemporary archaeological sites. Therefore, 

NISP % MNI %

Mammalia

Bos taurus 14 17% 1 8%

Sus sp. 21 25% 2 17%

Cervus elaphus 13 15% 2 17%

Oryctolagus cuniculus 3 4% 1 8%

Lepus sp. 1 1% 1 8%

Canis familiaris 1 1% 1 8%

Ovis/Capra 26 31% 2 17%

Ovis aries 2 2% 1 8%

Capra hircus 3 4% 1 8%

TOTAL 84 100% 12 100%

Table 2 - Numbers of Identified Specimens and Minimum Number of Individuals of uncovered vertebrate.
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Bos Sus Cee Orc Le Canis O/c Ova Cap Gallus I. Bird

Antler/Horn 1 - - - - - 2 1 3 - -

Mandible - 7 - - - - 6 - - - -

Teeth 1 5 - - - - 2 - - - -

Scapula 2 4 1 - - - 2 - - - -

Humerus - - 1 - - - 1 - - - -

Humerus 0.5 1 - - - - - - - - - -

Radius 2 - 1 - - - 1 - - - -

Ulna 1 4 - - - - 1 - - - -

Metacarpal 1 1 - - - - 2 - - - -

Pelvis - - 3 2 - - 2 - - - -

Femur - - - - - - - - - - -

Femur 0.5 1 - - - - - - - - - -

Tibia - - 4 1 - - 4 - - - -

Calcaneum 1 - 2 - 1 - - - - - -

Astragalus 1 - 1 - - - 1 1 - - -

Metatarsal 1 - - - - 1 1 - - - -

Metatarsal 0.5 1 - - - - - - - - - -

Phalanx I - - - - - - 1 - - - -

Tarso-metatarsal - - - - - - - - - 1 -

Tibio-tarsal - - - - - - - - - 1 -

Indeterminate - - - - - - - - - - 1

TOTAL 14 21 13 3 1 1 26 2 3 2 1

Table 3 - Number of identified by part of the skeleton remains in mammals and birds. 
(Key: ‘Bos’ Bos taurus; ‘Sus’ Sus sp.; ‘Cee’ Cervus elaphus; ‘OrC’ Oryctolagus cuniculus; ‘Le’ Lepus sp.; ‘Canis’ Canis familiaris; 

‘O/C’ Ovis/Capra; ‘Ova’ Ovis aries; ‘CaP’ Capra hircus; ‘Gallus’ Gallus domesticus; ‘I. Bird’ – Indeterminate Bird)

Figure 3 - Measurements comparison of Ovis aries astragali uncovered at Rua de São Mamede with the 
measurements of Monte dos Castelinhos (Santos et al. 2018) and Alcáçova de Santarém (Davis 2006).
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observing sheep measurements (Ovis aries) astragali (Figure 3), a bone that apparently varies little 
with age and sex, we see that São Mamede sheep fall within the range obtained for sheep at Roman 
Alcáçova de Santarém (Davis 2006) and Monte dos Castelinhos (Santos et al. 2018). The same applies to 
the red deer astragali.

Most of the animal remains in study are well preserved. There are no traces of fire, although 
human alterations can be observed, such as chop marks and incisions in metacarpals, metatarsals, 
scapulae and ulnae, mostly related to the animal dismantling for transportation and meat cooking. In 
some bones, we found marks caused by other animals (gnawed bones).

As we can see in Table 4, Rua de São Mamede animal remains are common in other Portuguese 
archaeological sites with roman chronologies. Relating the three main species remains (caprine, suid 
and cattle) presents in our study to Núcleo Arqueológico da Rua dos Correeiros (Valenzuela-Lamas 
2014), Casa do Governador (Valenzuela-Lamas 2014), to Rua da Prata , 45-51/Rua de São Julião, 86-106 – 
RP’51-RSJ’106 (Santos 2018), Monte dos Castelinhos (Santos et al. 2018), Quinta das Longas (Cardoso 
and Detry 2005), Alcáçova de Santarém (Davis 2006), Castro Marim (Davis 2007), Monte Molião (Detry 
and Arruda 2013) and Quinta do Marim (Antunes and Mourer-Chauviré 1992) we realized that the most 
frequent taxon in all sites is sheep/goats. The second most common taxon is  suids, except for Casa do 
Governador, Rua da Prata,45-51/Rua de São Julião,86-106, Alcáçova de Santarém and Quinta do Marim, 
where cattle is the second most abundant.

Rua de
São 

Mamede 
VP19

NARC Casa do 
Governador

RP’51-
RSJ’106

Monte
dos 

Castelinhos

Quinta
das

Longas

Alcáçova 
de 

Santarém 
(R2-R5)

Castro 
Marim 
(fase 
VI)

Monte 
Molião

Quinta
do

Marim

Bos sp. 14 29 18 19 163 28 341 32.5 76 10

Sus sp. 21 148 13 14 186 3 245 36.5 256 5

Sus domesticus - - - - - 108 - - - -

Sus scrofa - - - - - 11 - - - -

O/C 26 226 59 23 196 127 616 85.5 213 -

Ovis aries 2 97 - 3 17 - - 15.5 26 12

Capra hircus 3 7 - - 14 - - 26 25 104

Cervus elaphus 13 17 0 3 102 33 145 6 79.5 -

cf. Dama dama - - - - - 6 - - - -

Capreolous capreolous - - - - 2 - 1 - - -

Equus sp. - 3 2 10 5 - 12 1 - -

Oryctolagus cuniculus 3 35 3 - 37 87 208 15 160 43

Lepus sp. 1 2 - - 1 21 9 1 -

Canis familiaris 1 31 8 1 2 2 4 3 35 15

Felis catus - 2 - 1 - - 5 - - -

Lutra lutra - - - 2 - - - - - -

Lynx pardinus - - - - 1 - 1 - 1 -

Rattus sp. - - - 9 - - 1 - - 3

TOTAL 84 597 103 85 726 426 1587 222 871,5 192

References this paper Valenzuela-Lamas 
2014 

Santos 
2018

Santos et al. 
2018

 Cardoso 
and 

Detry 
2005

Davis 2006 Davis 
2007

Detry 
and 

Arruda 
2013 

Antunes 
and 

Mourer-
Chauviré 

1992

Table 4 - Comparing the remains recovered in Rua de São Mamede with the remains found in other Roman sites:
Núcleo Arqueológico da Rua dos Correeiros (last quarter of 1st c. to early 5th c. AD.); Casa do Governador (1st c. AD 
to late 4th c. AD); Rua da Prata, 45-51/Rua de São Julião, 86-106 – RP'51-RSJ'106 (3rd c. AD to 4th/5th c. AD); Monte 
dos Castelinhos (second half of 1st c. BC); Alcáçova de Santarém – RA-R5 (last quarter 1st BC to 4th/5th c. AD); 
Castro Marim – phase VI (second half of 1st c. BC to first half of 1st c. AD); Monte Molião (last quarter of 2nd c. BC 
to middle of 2nd c. AD); and Quinta do Marim (2nd c. AD to 5th c. AD).
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Caprine first choice may be due to the fact that it allowed a greater number of resources 
(milk, wool and meat). Yet suid has fast reproduction and growth, as well as meat much appreciated 
by Romans, which in most cases caused them to be slaughtered in superior numbers than cattle. 
Furthermore, cattle were mostly used for their strength (for traction) and not so much for their meat 
production.

Conclusion

This study allowed us to analyse not only the diet but also the pattern of demand and food production 
on this site, between the final of the third quarter of the 1st century AD and the start of the second 
quarter of the 2nd century AD.

The presence of molluscs indicated us that several coastal and estuarine ecological niches were 
explored. This also showed us that the gathering of molluscs was also part of the diet, but it would be 
probably something more sporadic, since the energy expended for this purpose was not compensated 
by the energy obtained by eating the molluscs.

In this site a mixed livestock regime was practised, domestic animals (cattle, caprines and 
suids) were raised although hunting also played an important role, confirmed by the presence of red 
deer, rabbit and hare. The fact that hunting was undertaken on a smaller scale than domestic animal 
husbandry may reflect the location of the site – an urban setting where the existence of these animals 
could not be abundant.

Thus, about 80% of consumed meat derived from sheep, goat, cattle and suids, followed, by 
smaller quantities of red deer, hare, rabbit and chicken.

The presence of dog is quite common in this period. The dog was useful not only for protection 
but also as a hunting help.

The study of other sites in this area of Lisboa will allow a better comparison and a deeper 
understanding of the reality lived by these populations during Roman occupation.
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Abstract
Excavations at the villa of Vale do Mouro in Coriscada (Mêda Municipality) revealed an important faunal assemblage, principally 
from the last phase of activity of the site, in the 4th century AD. Its study provides an opportunity to review the livestock economy 
in the Douro valley in northern Portugal, where few faunal analyses have been conducted, besides the small samples studied by 
C. Costa at Freixo de Numão. 
The faunal analysis allows to explore the economy of the site. The skeletal distribution of the bones of the domestic triad species, 
patterns in the age of slaughter and pathologies appear to indicate that the breeding did not take place at the villa. Animals 
were obtained from a network of other settlements, which may have been nearby. Cattle livestock were intended for meat and 
the individuals were slaughtered on-site. Among the caprines, goats are relatively numerous, probably due to the relief and the 
vegetation. Milk and wool were exploited but certain animals were specifically raised for their meat. The villa seems to have been 
kept stocked by a multi-purpose herd, possibly indicating several suppliers. Game provided a significant additional food supply 
for the villa, and the large numbers of rabbit and deer bones found may introduce possible breeding of these species. Other 
taxa belong essentially to the forest or open woodland fauna, and red deer represent a large proportion, as is regularly the case 
in Portugal.
The site of Vale do Mouro fits perfectly into the corpus of sites in Lusitania during Late Antiquity. No regional pattern has yet 
emerged for the province as a whole. It is difficult to distinguish urban contexts from rural ones based only on faunal assemblages, 
both in terms of variety and proportions.

Keywords
Late Antiquity, food supply, Douro valley, Portugal, diet, villa, economy.

Introduction

The discovery of the villa of Vale do Mouro, near the village of Coriscada (Mêda, district of Guarda), 
by a franco-portuguese team, has allowed a better understanding on the Roman occupation of the 
northern part of Portugal, more precisely on the territory of the Civitas aravorum, being that their capital 
(Marialva) is located about a dozen kilometers to the North of Coriscada (Figure 1). It depended on the 
Conventus emeritensis, which was the northern conventus of the Provincia Lusitania (Coixão et al. 2009).

The site of Vale do Mouro is one of the villae known in the region of Coa valley, which allows a 
north-south communication corridor between the valley of Douro and that of Rio Paiva. It is located 
more precisely in the countryside of Coriscada village, right on the edge of Coa canyon and nowadays, 
the landscape consists mainly of olive trees, grazing land and groves.

Since 2003, six excavation campaigns have been conducted under supervision of Tony Silvino, 
from University of Lyon and António Do Nascimento Sá Coixão, who continues the excavation there 
today (Coixão and Silvino 2010; Coixão 2017). Since 2009, the fieldwork slowed down and many 
specialists undertook the study of artefacts and of different aspects of the structures found (Silvino et 
al. 2014). The study of animal bones sample was undertaken during the summer of 2010.

ARGANT, Thierry (2022) - An archaeozoological insight into Douro valley during Late Antiquity. The faunal remains of villa Vale do Mouro in Coriscada (Mêda). In 
Valente, Maria João, Detry, Cleia, Costa, Cláudia (eds.), New TreNds iN iberiaN Zooarchaeology. Estudos & Memórias 19. Lisboa: UNIARQ - Centro de Arqueologia 
da Universidade de Lisboa, p. 149-165. 
https://doi.org/10.51427/10451/54939
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Site presentation

The site of Vale do Mouro is located in a downhill slope of a small granitic valley, overlooking the 
river of Massueime. The villa is about 490 m asl and 3.5 km south-east from the village of Coriscada. 
At the beginning of the excavation, the site was partially covered by olive trees and by dense and 
diversified vegetation, consisting mainly on pine trees, brooms and small bushes. The state of neglect of 
the ground is easily explained by the presence of the vestiges which constituted significant limitation for 
any type of agricultural production or the use of machinery (either ancient plows or modern tractors).

The outline of the site, developed during six excavations campaigns (2003–2009), is one of a rural 
production site or villa. Three distinct periods were identified:

The first, very faint, is solely visible on the Northeastern part of the excavation. It consists mainly 
on pits, associated to materials dated back to the 1st century AD. The extent of this occupation is very 
hard to define as traces are scarce. Also, the construction of the villa would have destroyed most of 
these early buildings that might have corresponded to a small rural exploitation site. 

These first traces, especially those from the Antonian period, are perfectly adjusted in the 
Romanization process which is accelerated in this region during the dominion of Trajan. Moreover, 
this part of the Lusitania, which might be defined as the Oriental strip of land of nowadays Portugal 

Figure 1 - Map of Provincia Lusitania with localisation of Civitas Aravorum territory (after Coixão and Silvino 2010). 
Archaeological map of Civitas Aravorum (after Coixão et al. 2009).
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and the region of Salamanca (Spain), seems to have been mostly neglected by the Romans until the 1st 
century AD.

The second stage of the site corresponds to the construction of the villa, at the beginning of the 
2nd century AD. At that time the buildings occupy at least 2000 m2, but only the pars urbana has been 
well recognised. It seems to be open to the south, with a portico and baths.

At the beginning of the 4th century the villa is enlarged and embellished (Stage 3). It covers then 
an area of about 2 ha, though traces are visible over a surface of 3 ha. This is one of the largest villae 
ever studied in Portugal. The homestead is classically divided in two parts. The pars urbana is composed 
of a series of rooms which are articulated around a central rectangular courtyard surrounded by a 
gallery. Private quarters occupy the southern. On the southern wing, a series of rooms paved with opus 
signinum constitute the private quarters. One of them was adorned with a Bacchus mosaic, representing 
the god of wine on a chariot, pulled by two panthers and accompanied by a maenad. To the South, 
these quarters open over a large private courtyard and large baths. On the western area of the pars 
urbana, to the north of the dominus chamber, there is an 'L' shaped gallery with a geometrical motive 
mosaic. This gallery has an entrance to a private interior courtyard. The summer triclinium is located 
to the west of this passageway, associated with a water tank fed by a nearby spring. To the north lies 
an apse room heated by a hypocaust, side by side with another rectangular compartment. Both are 
covered by geometrical themed mosaics and could be interpreted as the winter triclinium. In the same 
building there also are a reception room and the office of the dominus. Production areas, namely olive 
oil and wine, and warehouses are closely associated with these private quarters. This proximity of the 
wine production equipment shows the importance given to wine in the villa. To the north of the central 
courtyard, several similar rooms with fireplaces are the living quarters of the domestic servants. The 
main entrance of this building is located to the east of the courtyard. This entrance has a corridor where 
the remains of the burned wooden doors where found in situ. A large rectangular room, equipped by 
a large central hearth and wall chimneys, to the North of the entrance could constitute the kitchens.

The pars rustica or just the exploitation area is located to the east of the residential part of the 
villa. It develops around a large courtyard. A series of storage areas are located to the north. The western 
area is divided into several different buildings. The northern one was used for metal work, with forges. 
Around this place, several rooms with central hearth were the living quarters of the rural workers and 
their families. A double room rectangular building, located in the same axis of the main entrance to the 
pars urbana, appears to be the living quarters of the manager of the villa.

Next to these residential areas, a series of spaces could be used to treat raw mineral. The presence 
of charcoal burner’s clearings, raw mineral and raw iron fragments and several grindstones support this 
hypothesis. Finally, large storage areas (horreum) oriented to prevailing wind were also found in the 
southeastern part of the pars rustica. Next to this building, another, larger and partitioned one could 
have been used as a stable.

Then, in 5th century, the pars urbana was abandoned and transformed in storage space (Stage 4). 
Several architectural elements were removed to build or rebuild new structures. The cellar still showed 
sign of a continuous use. Conversely the pars rustica became the center of a small village where metal 
work is still attested. This occupation lasts until the early Middle Ages.

Though we are distant from the luxurious architecture that exists in the south of Lusitania, the 
site of Vale do Mouro presents all of the characteristics of a classical Roman villa. This is ascertained by 
the architectural techniques used on its construction, quality of the equipment found and productions: 
wine, olive oil and cereals. If the olive oil production is rather limited, the cellar and barn areas clearly 
demonstrate that a large part of the production was intended to be exported. Mining was also a possibility, 
although the traces are more limited. The search of comfort (baths, heated rooms, water systems, etc.) 
and the architectural refinement (columns, apses, mosaic pavements, wall decorations, etc.) clearly 
reflects the attachment to the classical culture of the master of the domain. It also demonstrates a 
traditionalist line of thought and even a denial of new and emerging ideas, like those of Christianity. 
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The analysis of numerous artifacts found in the site also demonstrates great commercial dynamism. 
The tableware in terra cota, which in this case is constituted mostly by terra sigillata, comes mostly from 
workshops on the Tarraconensis, Baetica, Proconsul Africa, and, to certain degree, southern Gaul. The 
glass ware, of still undetermined origins, is also present. Although with a low visibility, Mediterranean 
goods in amphoras were also imported: fish curing from the South of Lusitania, olive oil from Baetica or 
even wine from Byzacena.

The recent increase of archaeological surveys and the re-examination of preexisting data have 
allowed to partially understand the organization of the Aravi territory, especially the countryside. It 
shows a network of very different sites (Coixão, Cruz and Simão 2009), one of which the villa of Vale do 
Mouro occupy an important position (Figure 1).

Methodology

This fauna was studied in august 2010 by the author at the building of the Associação Cultural, Desportiva 
e Recreativa do Freixo de Numão. Dental eruption and wear stages were recorded according to Schmid 
(1972) and Grant (1982). The work of Barone (1976) was used to estimate the age of the animals on 
the basis of the fusion of bone epiphyses. Measurements follow von den Driesch (1976) and only for 
completely fused bones.

The animal bones had been localised by square of 5 by 5 m, allowing spatial study, and divided 
into stratigraphic units, more or less well dated. Pictures and drawings were also made in order to 
complete determination with a collection of skeletons of comparison at the author’s laboratory, near 
Lyon (France).

Zooarchaeological data

The first levels give small amount of faunal remains, not enough to undertake a study (Table 1). New 
investigations on the site would therefore provide further more data for the 2nd century AD in the future.

In contrast, the levels of the 4th century supply an important collection composed of 2735 
teeth and bones, which is quite important for that granitic region. Nethertheless, identified fragments 
represent only 30% of the total. The spatial distribution of bone elements shows a concentration of 
them nearby the baths, which represent a lower part of the site where gravity concentrates artefacts. 
Some other spots correspond to the surroundings of the kitchen, the winter triclinium, the granary and  
probably a dump behind the buildings in the eastern part of the site (Figure 2).

Taxon NISP

Bos taurus 10

Sus domesticus 1

Caprinae 2

Canis familiaris 3

Total identified 16

Large Mammals 2

Middle size Mammals 1

Total 19

Table 1 - Faunal assemblage of Stage 2.



153

NEW TRENDS IN IBERIAN ZOOARCHAEOLOGY

Figure 2 - Different stages of development of the villa of Vale do Mouro (situation in 2016). 
Distribution of animal bones on the site (total NISP).
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Sixteen different species were recognised (Table 2). Domestic livestock compose only 65% of the 
NISP, and, in the other hand, rabbits and red deer represent a big part among game.

Within the domestic triad, Caprinae, among which we note the presence of goat (Capra hircus), 
dominate in number of individuals and rests, before the cattle then the pigs. Nevertheless, cattle (Bos 
taurus) remains are the most important supplier of meat, before pig and red deer.

The skeletal distribution of the rests shows clearly, whatever are the species, an over-representa-
tion of the long bones of the members and the head, and a very small proportion of the axial skeleton 
and of feet bones (Figure 3). These curves illustrate consumption wastes and the villa seems to get its 
meat partly from outside, or slaughtering and primary cut of the carcases are made in another place in 
the neighbourhood.

Mortality profiles indicate the exploitation of old cattle, probably coming from the countryside, 
sheep and goat first produce milk and wool, but some of them are especially bred for meat (Figure 4). 

Taxon NISP % NISP % meat MNI

Bos taurus 160 20.10% 65.20% 8

Bos taurus/Cervus elaphus 1 0.10% - 1

Sus domesticus 97 12.20% 11.92% 7

Sus sp. 2 0.30% - 1

Caprinae 212

28.10% 10.74%

11

Capra hircus 6 1

Ovis aries 6 1

Canis familiaris 11 1.40% - 2

Canidae 1 0.10% - 1

Equidae 11 1.40% - 1

Lynx pardinus 4 0.50% - 1

Meles meles 1 0.10% - 1

Sus scrofa 1 0.10% 0.15% 1

Cervus elaphus 43 5.40% 11.36% 2

Capreolus capreolus 2 0.30% 0.19% 1

Cervidae 5 0.60% - 1

Lepus sp. 3 0.40% - 1

Oryctolagus cuniculus 196 24.60% 0.42% 18

Micromammal 1 0.10% - 1

Gallus gallus 13 1.60% 0.02% 2

Alectoris sp. 16 2.00% 0.01% 2

Gallinaceae 2 0.30% - 1

Corvidae 3 0.40% - 1

Timon lepidus 1 0.10% - 1

Total identified 798 29.20% - 68

Large Mammals 585 21.40% - -

Middle size Mammals 549 20.10% - -

Unidentified Birds 7 0.30% - -

Unidentified 795 29.10% - -

Total 2735 – – –

Table 2 - Faunal assemblage of Stage 3, with NISP, proportion on determined bones and % of meat supply 
based on MNI (after Cardoso and Detry 2005: 375)
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Figure 3 - Proportional representation of bones for domestic triad (proportion of each element actually present 
relative to the number potentially present base on MNI; after Dodson and Wexlar 1979).

Figure 4 - Mortality profile for domestic triad (based on teeth changing (Schmid 1972: tab. 10) and epiphysation 
stage of bones (Barone 1976: 53).
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Pig (Sus scrofa domesticus) age profile is more classic for this species and they were partly bred locally, 
as we notice the attendance of perinatal individuals. Analysis of the sexually dimorphic canine tooth 
indicates the presence of nine boars and only three sows.

The dogs are attested by puncture on the bones of various species, mainly on the outskirts of 
buildings. Canid bones appear in the zone of the thermal baths, but also in the entrance of the courtyard 
of the villa. If some of them are intact and evoke squattering, two femurs broken in the middle of 
diaphysis present in the dump of the baths may however indicate a possible anecdotal consumption of 
the species. The few osteometric data available describe rather graceful dogs. A femur even suggests, 
by its dimensions, a small individual, potentially less than 40 cm at the withers.

Equines remain relatively discreet. There is no evidence that these animals have been eaten, 
other than by scavengers.

Red deer (Cervus elaphus) is well represented on the site, as it is commonly noticed in Portugal. 
Cutmarks are relatively frequent for this species (32%). Some correspond to the phase of recovery 
of the skin, others to butchery process. Antlers wear traces of sawing but it remains an opportunist 
exploitation of this raw material, as part of the domestic crafts. Shoulders and leg (round of beef) 
seem to be exported from the villa, either as presents, or for trade. MacKinnon suggests the possible 
existence of deer parks to justify the abundance of wild animals in the diet of the inhabitants of the 
Lusitanian villae (MacKinnon 1999: 135). In our case, nothing allows to confirm this hypothesis. The site 
of Vale do Mouro stays in the average of the values observed on most of the antique Lusitanian sites. 
The proportions of deer, 5.4% of the NISP, join, for example, those of the urban areas like Santarém, 
where the species is both run for its meat and to supply raw materials for craftwork (Davis 2006: 20).

With more than 24% of the NISP, the rabbit (Oryctolagus cuniculus) also seems to occupy an 
important place. Its rests are particularly plentiful in the heated reception hall, like other small animals, 
in particular birds, as well as in rooms possessing a fireplace (may be kitchen ?). Numerous butchery 
marks and the skeletal representation of bones indicate clearly that they are human consumption 

Figure 5 - Thoracic vertebras, sternebrium and right humerus of Lynx pardinus found in Vale do Mouro.
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wastes and not intrusive individuals. On the other hand, mortality profile shows a quarter of sub-adults 
et three quarter of adults and only one remain belongs to a young individual. They also mostly achieved 
their best meat yield. Thus, we have to admit that these rabbits are entirely a part of the diet of the 
inhabitants of the site. We can nevertheless emit the hypothesis that they could correspond to the 
consumption within the framework of a reoccupation of the site following its abandonment by his initial 
owners (during 5th and 6th cent.) ? The meat of rabbit is indeed considered as the 'meat of the poor 
men' by Davis (2006 : 35). However, we also find them in abundance in the rich villa of Torre de Palma 
(9.8% of the NISP ; MacKinnon 1999: 135). So it’s difficult to conclude.

Figure 6 - Ternary diagram of domestic triad NISP from various roman sites from Provincia Lusitania with position of 
Coriscada assemblage for Stage 3 (4th c.).
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The rare data available for the hens (Gallus gallus domesticus) tend to show individuals with shorter 
wings, but with longer legs than the gaulish ones, in accordance with the individuals of Santarém. Wild 
galliformes like common quail (Coturnix coturnix), a possible common pheasant (Phasianus colchicus) 
and mainly red-legged partridge (Alectoris rufa; 2.0% of NISP), also contribute to meat based diet, but 
hunting seems not to be an important practice.

Among other species, we have to notice some elements of an adult lynx pardelle (Lynx pardinus), 
which has become very rare nowadays in the Peninsula (Figure 5). Big consumer of rabbits (Davis and 
Moreno-García 2007: 100), he was able to be hunted to protect the resource, and secondly for its skin. 
But its meat was given to the dogs.

We also recognize a tibia of badger (Meles meles), and some elements that belong to wild boar 
(Sus scrofa) and roe deer (Capreolus capreolus). A femur could be assigned to rat (Rattus sp.) and finally 
a dentary belongs to ocellated lizard (Timon lepidus), typical of the dry, clear and well brightened up 
environment.

Discussion and conclusion

The villa of Vale do Mouro represents an important centre of political and economical power. Its main 
production were the olive oil and the wine, and also mining. Small livestock was bred on the site in 
supplement, whereas cattle were probably bought from the outside and then slaughtered on the site.

This set constitutes the first consequent sample for the region of Douro valley. Small Roman 
assemblages were studied by Claudia Costa at Frexio de Numão, but with no precise chronological 
context, on the sites of Prazo, Rumansil I and Zimbro II (Costa 2009).

All these sites become integrated perfectly into the Lusitanian corpus of the antique sites and in 
particular for the Late Antiquity and no regional patterns arise within the province (Figure 6). We just 
can notice that sites in the Southern part, most beside the coast and connected to the workshops of 
salting of fishes, present a very particular meat diet, based almost exclusively on goats (Capra hircus). 
For site 3 (A Pobra de Valdeorras), the weakness of the sample and taphonomic contingencies explain its 
isolation (Fernandez Rodriguez 2003). We also have difficulty in distinguishing urban and rural contexts 
on the only base of the proportions within the domestic triad. Also, it is difficult to make this distinction 
on other species, both in variety as in proportions. It would probably be necessary to get into detail of 
composition of skeletal repartitions and mortality profiles to find possible distinctions.
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Appendix. Coriscada – Vale do Mouro Osteometric data  
Extract from the osteometric database of Thierry ARGANT

All measurements are given in millimeters and follow the coding of the OSTÉO database for mammals (Desse et al. 1986) or of  
A. van den Driesch for birds (Driesch 1976). An asterisk (*) indicates approximate value.

datation structure n Osteo bone sex side age a/p m1 m2 m3 

Bos taurus

GR – 4th c. Q34S1/c2 16 30 metacarpal - l s/ a 213.0 19.,0 - 

GR – 4th c. Q40SIII/c.2 35 30 metacarpal - r /s a 206.0 - - 

GR – 4th c. Q28SVIII/c.3 47 41 phalange 1 - l s/ ae 57.0 32.8 27.1

GR – 4th c. Q34S1/c2 14 47 phalange 1 - l s/ e 56.6 29.1 25.0

GR – 4th c. Q42/c.3 18 47 phalange 1 - r s/ e 57.3 27.9* 24.3

GR – 4th c. Q42/c.2 29 47 phalange 1 - - s/ - 57.5 26.5 22.2

GR – 4th c. Q11SI/c.2 36 47 phalange 1 - - s/ - 55.9 27.9* 24.3

GR – 4th c. Q1SIX/c.2 72 47 phalange 1 - - s/ - 64.2 29.0 25.0

GR – 4th c. Q26/36/27/37SXI 73 47 phalange 1 - - s/ i 58.7 31.8 26.6

GR – 4th c. Q32S1/c2 9 48 phalange 2 - - s/ - 37.0 30.0 24.0

GR – 4th c. Q34S1/c2 15 48 phalange 2 - - s/ - 44.7 32.2 27.4

GR – 4th c. Q12SXIV/c.2 65 48 phalange 2 - - s/ - 42.0 29.2 24.6

GR – 4th c. Q11SII/c.2 33 61 calcaneum - r s/ p 135.5 44.0*

Canis familiaris

GR – 4th c. Q42/c.2 25 51 femur - l s/ p - - 33.2

GR – 4th c. Q42/c.2 24 53 tibia - r s/ p - - 29.8

Canidae

GR – 4th c. Q34S1/c2 13 47 phalange 1 - - s/ - 26.0 9.6 5.9

Caprinae 

GR – 4th c. Q38SVIII/c.3 57 47 phalange 1 - l s/ i 44.6 14.3 11.5

GR – 4th c. Q30SII/c.2 34 61 calcaneum - r s/ p 60.4 20.2

Cervus elaphus

4th c. AD Q42/c.2 27 17 radius - l s/ a - - - 

4th c. AD Q32S1/c2 4 47 phalange 1 - r s/ e 50.3 16.6 13.9

4th c. AD Q34S1/c2 12 47 phalange 1 - - s/ - 57.3 21.0 17.7

4th c. AD Q42/c.2 22 47 phalange 1 - - s/ - 54.9 20.6 18.0

4th c. AD Q48SVIII 59 47 phalange 1 - - s/ - 55.5 20.9 16.1

4th c. AD Q38SVIII/c.2 68 47 phalange 1 - - s/ - 53.4 19.9 16.7

4th c. AD Q32S1/c2 3 48 phalange 2 - - s/ - 38.3 19.9 14.0

4th c. AD Q32S1/c2 3 48 phalange 2 - - s/ - 38.9 20.6 15.0

4th c. AD Q42/c.2 23 48 phalange 2 - - s/ - 36.7 18.1 13.7

4th c. AD Q42/c.2 26 48 phalange 2 - - s/ - 39.0 20.7 16.1

4th c. AD Q38SVIII/c.2 66 48 phalange 2 - - s/ - 37.6 19.9 16.1

4th c. AD Q32S1/c2 5 61 phalange 1 - l s/ p 90.5 >23.6

4th c. AD Q26/36SXI/c.2/3 74 70 metatarsal - r /s p - - - 

Lynx pardinus

4th c. AD Q1SIII/c.2 30 16 humerus - r s/s a 152.0* - 152.0* 

4th c. AD Q1SIII/c.2 31 84 thoracic vertebra - - s/s - 15.7 22.7 10.6* 

4th c. AD Q1SIII/c.2 31 84 thoracic vertebra - - s/s - 14.6 21.5 12.0

Abbreviations: a : anterior; r : right; DT: transverse diameter; e : external; f : female; l : left; GR : Gallo-Roman; i : internal; m : male;  
p : posterior; c. : century; s/s : proximal/distal epiphysation
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datation m4 m5 m6 m7 m8 m9 m10 m11 m12 observations

Bos taurus

GR – 4th c. 49.5 46.5 30.5 - 23.4 60.4 - - -

GR – 4th c. 61.4 40.1 37.5 - 26.1 65.9 - - -

GR – 4th c. 32.4 - - - - - - - -

GR – 4th c. 28.0 - - - - - - - -

GR – 4th c. 28.5 - - - - - - - -

GR – 4th c. 25.3 - - - - - - - -

GR – 4th c. 27.5 - - - - - - - -

GR – 4th c. 28.0 - - - - - - - -

GR – 4th c. 30.6 - - - - - - - -

GR – 4th c. 24.7 - - - - - - - -

GR – 4th c. 27.5 - - - - - - - -

GR – 4th c. 24.1 - - - - - - - -

GR – 4th c. - - - - - - - - -

Canis familiaris

GR – 4th c. - 17.6 11.9 - - - - - -

GR – 4th c. 11.2 - - - - - - - -

Canidae

GR – 4th c. 7.5 - - - - - - - -

Caprinae 

GR – 4th c. 14.4 - - - - - - - -

GR – 4th c. - - - - - - - - -

Cervus elaphus

4th c. AD 56.3 51.2 - - - - - - -

4th c. AD 16.0 - - - - - - - -

4th c. AD 20.8 - - - - - - - -

4th c. AD - - - - - - - - -

4th c. AD 20.4 - - - - - - - -

4th c. AD 19.7 - - - - - - - -

4th c. AD 16.6 - - - - - - - -

4th c. AD 16.9 - - - - - - - -

4th c. AD 15.6 - - - - - - - -

4th c. AD 17.4 - - - - - - - -

4th c. AD 17.1 - - - - - - - -

4th c. AD - - - - - - - - -

4th c. AD - - 19.4 - 17.8 35.5 - - -

Lynx pardinus

4th c. AD 23.9 ≥33.7* 10.8 30.2 20.7 17.1 15.5 - -

4th c. AD 13.1 29.4 13.6* 18.0 10.3 11.1 35.3 - -

4th c. AD 9.7 29.2* 12.4 17.7 9.7 10.4 - - -

Abbreviations: a : anterior; r : right; DT: transverse diameter; e : external; f : female; l : left; GR : Gallo-Roman; i : internal; m : male;  
p : posterior; c. : century; s/s : proximal/distal epiphysation

Appendix. Coriscada – Vale do Mouro Osteometric data (cont.)  
Extract from the osteometric database of Thierry ARGANT

All measurements are given in millimeters and follow the coding of the OSTÉO database for mammals (Desse et al. 1986) or of  
A. van den Driesch for birds (Driesch 1976). An asterisk (*) indicates approximate value.
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datation structure n Osteo bone sex side age a/p m1 m2 m3 

Oryctolagus cuniculus

4th c. AD Q15SV/c.2 43 15 scapula - r s/s a - - ≥57.8* 

4th c. AD Q32S1/c2 1 16 humerus - l /s a - - - 

4th c. AD Q42/c.2 20 16 humerus - r s/s a 61.4 - 60.5

4th c. AD Q38SVIII/c.3 52 16 humerus - l s/s a 62.7 - 61.9

4th c. AD Q42/c.3 17 17 radius - l - a - - - 

4th c. AD Q15SV/c.2 42 17 radius - l s/s a 56.6 53.9 - 

4th c. AD Q38SVIII/c.3 53 17 radius - l s/s a 59.0 56.3 - 

4th c. AD Q38SVIII/c.3 53 17 radius - r s/s a 58.2 56.9 - 

4th c. AD Q2SXIV/c.2/3 63 17 radius - r s/s a 56.0 53.5 - 

4th c. AD Q38SVIII/c.3 54 18 ulna - r s/s a 68.5 - 7.2

4th c. AD Q2SXIV/c.2/3 64 18 ulna - r s/s a 63.8 - 6.8

4th c. AD Q32S1/c2 2 50 pelvis - l - - 66.5 9.3 7.7

4th c. AD Q32S1/c2 2 50 pelvis - l - - 70.3 9.2 7.5

4th c. AD Q38SVIII/c.3 55 50 pelvis - l - - 72.3 9.2 7.6

4th c. AD Q38SVIII/c.3 55 50 pelvis - r - - 66.5 8.4 7.4

4th c. AD Q3S1/c.2 45 51 femur - l s/s p 77.4 74.4 15.1* 

4th c. AD Q38SVIII/c.3 56 51 femur - r s/s p 77.7 74.2 18.0

4th c. AD Q38SVIII/c.3 56 51 femur - r s/s p 79.6 77.3 19.6

4th c. AD Q38SVIII/c.3 56 51 femur - r s/s p 78.7 75.2 19.0

4th c. AD Q38SVIII/c.3 56 51 femur - r s/s p - 72.2 17.7

4th c. AD Q38SVIII/c.2 67 53 tibia - r js/s p 93.1 - 13.2

4th c. AD Q42SVIII/c.2 69 53 tibia - l s/s p 85.4 - 13.1

4th c. AD Q15SV/c.2 44 61 calcaneum - l s/ p 21.9 - -

4th c. AD Q38SVIII/c.3 50 72 metatarsal 2 - r /s p 32.3 4.2 -

4th c. AD Q42/c.2 21 73 metatarsal 3 - r /s p 33.4 4.1 -

4th c. AD Q34S1/c2 10 74 metatarsal 4 - r /s p 32.8 4.0 -

4th c. AD Q38SVIII/c.3 51 74 metatarsal 4 - l /s p 27.2 4.5 -

Sus domesticus

2nd c. AD Q6SII/c.2 32 34 metacarpa 4 - r /s a 74.3 70.7 16.0

4th c. AD Q42/c.2 28 47 phalange 1 - - s/ - 40.2 20.4 15.6

Corvidae

4th c. AD Q42SVIII/c.2 71 o54 humerus - l s/s a 45.8 14.0 4.6

4th c. AD Q42SVIII/c.2 - o61 tibia - l s/ p - - 12.0

4th c. AD Q42SVIII/c.2 70 o62 tarsal-metatarsal - r s/s p 42.1 6.8 2.6

4th c. AD Q38SVIII/c.2 60 o56 ulna - l s/s a 56.4 7.4 8.6

Galliformes

4th c. AD Q32S1/c2 8 o61 tibia - r /s p - - - 

4th c. AD Q2SXIV/c.2/3 62 o61 tibia - l s/ p - - 9.3

Abbreviations: a : anterior; r : right; DT: transverse diameter; e : external; f : female; l : left; GR : Gallo-Roman; i : internal; m : male;  
p : posterior; c. : century; s/s : proximal/distal epiphysation

Appendix. Coriscada – Vale do Mouro Osteometric data (cont.)  
Extract from the osteometric database of Thierry ARGANT

All measurements are given in millimeters and follow the coding of the OSTÉO database for mammals (Desse et al. 1986) or of  
A. van den Driesch for birds (Driesch 1976). An asterisk (*) indicates approximate value.
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datation m4 m5 m6 m7 m8 m9 m10 m11 m12 observations

Oryctolagus cuniculus

4th c. AD 4.3 8.4 7.9 7.5 - - - - -

4th c. AD - - 3.7 8.6 7.9 - - - -

4th c. AD >8.0 13.5 4.3 8.8 6.7 - - - -

4th c. AD 11.2 13.0 3.9 9.0 7.5 - - - -

4th c. AD 6.1 - 3.7 - - - - - -

4th c. AD 5.5 - 3.3 - 5.6 4.9 - - -

4th c. AD 5.6 - 3.4 - 5.9 4.9 - - -

4th c. AD - - 4.0 - 5.6* - - - -

4th c. AD 5.4 - 63.5 - 5.7 4.8 - - -

4th c. AD 6.7 5.6 - - - - - - -

4th c. AD 6.4 5.4 - - - - - - -

4th c. AD - 6.8 4.1 - 14.0 - - - -

4th c. AD 22.0 7.1 4.0 - 14.4 - - - -

4th c. AD - 7.7 4.7 - 15.8 - - - -

4th c. AD 19.9 7.0 4.6 - 14.4 - - - -

4th c. AD 12.2 6.3 5.9 - 12.7 - - - -

4th c. AD 14.7 6.4 6.2 - 12.8 - - - -

4th c. AD 15.7 6.7 6.4 - 14.0 - - - -

4th c. AD 16.6 6.2 6.2 - 12.5 - - - -

4th c. AD 14.9 6.5 5.9 - 12.8 - - - -

4th c. AD 4.8 - 10.8 5.5 - - - - -

4th c. AD 5.1 - 10.9 5.6 - - - - -

4th c. AD - - - - - - - - -

4th c. AD - - - - - - - - -

4th c. AD - - - - - - - - -

4th c. AD - - - - - - - - -

4th c. AD - - - - - - - - -

Sus domesticus

2nd c. AD 12.3 17.2 - - - - - - -

4th c. AD 17.9 - - - - - - - -

Corvidae

4th c. AD 10.3 - - - - - - - - Corvus monedula voire Pyrrhocorax p.

4th c. AD 4.1 - - - - - - - - Corvus monedula voire Pyrrhocorax p.

4th c. AD 5.2 - - - - - - - - Corvus monedula voire Pyrrhocorax p.

4th c. AD 3.5 7.0 - - - - - - - Corvus monedula voire Pyrrhocorax p.

Galliformes

4th c. AD 4.1 7.6 7.6 - - - - - - Cf Perdix/Alectoris

4th c. AD - - - - - - - - - Coturnix c. ???

Abbreviations: a : anterior; r : right; DT: transverse diameter; e : external; f : female; l : left; GR : Gallo-Roman; i : internal; m : male;  
p : posterior; c. : century; s/s : proximal/distal epiphysation

Appendix. Coriscada – Vale do Mouro Osteometric data (cont.)  
Extract from the osteometric database of Thierry ARGANT

All measurements are given in millimeters and follow the coding of the OSTÉO database for mammals (Desse et al. 1986) or of  
A. van den Driesch for birds (Driesch 1976). An asterisk (*) indicates approximate value.
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datation structure n Osteo bone sex side age a/p m1 m2 m3 

Gallus domesticus

4th c. AD Q38SVIII/c.3 48 o54 humerus - r s/s a 61.3 16.8 6.3

4th c. AD Q15SV/c.2 38 o55 radius - l s/s a 55.0 2.5 5.8

4th c. AD Q15SV/c.2 37 o56 ulna - l s/s a 60.8* 7.5 11.0

4th c. AD Q47SX 58 o61 tibia - r s/s p 116.5 113.5 20.8

4th c. AD Q33/c.2 75 o61 tarsal-metatarsal - r s/s p 71.4 11.4* 5.4

Passeriformes

4th c. AD Q42/c.2 19 o56 ulna - l s/s a 24.2 3.0 3.7

Perdix/Alectoris

4th c. AD Q32S1/c2 6 o52 coracoid - - - a 37.3 35.9 10.9

4th c. AD Q38SVIII/c.3 49 o52 coracoid - r s/s a 39.6 37.1 9.4

4th c. AD Q15SV/c.2 41 o53 scapula - l s/s a - 9.4

4th c. AD Q28SVIII/c.3 46 o54 humerus - l s/s a 47.8 13.5 4.9

4th c. AD Q15SV/c.2 40 o55 radius - l s/s a ≥38.5 1.8 -

4th c. AD Q32S1/c2 7 o56 ulna - l s/s a - 6.0 8.8

4th c. AD Q2SXIV/c.2/3 61 o61 tibia - l s/s p 70.0 68.7 11.7* 

4th c. AD Q34S1/c2 11 o62 tarsal-metatarsal - r - p 41.1 7.8 3.6

4th c. AD Q15SV/c.2 39 o62 tarsal-metatarsal m l s/ p - 7.8* 3.9

4th c. AD Q15SV/c.2 39 o62 tarsal-metatarsal f l s/ p - 7.5* 3.7

Abbreviations: a : anterior; r : right; DT: transverse diameter; e : external; f : female; l : left; GR : Gallo-Roman; i : internal; m : male;  
p : posterior; c. : century; s/s : proximal/distal epiphysation

Appendix. Coriscada – Vale do Mouro Osteometric data (cont.)  
Extract from the osteometric database of Thierry ARGANT

All measurements are given in millimeters and follow the coding of the OSTÉO database for mammals (Desse et al. 1986) or of  
A. van den Driesch for birds (Driesch 1976). An asterisk (*) indicates approximate value.
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datation m4 m5 m6 m7 m8 m9 m10 m11 m12 observations

Gallus domesticus

4th c. AD 13.4 - - - - - - - -

4th c. AD - - - - - - - - - same individual as 37

4th c. AD 3.7 8.2 - - - - - - - same individual as 37

4th c. AD 6.7 11.4 11.7 - - - - - -

4th c. AD 12.0 - - - - - - - -

Passeriformes

IVe s. ap. J.-C. 1.5 2.9 - - - - - - -

Perdix/Alectoris

4th c. AD 7.4 - - - - - - - -

4th c. AD 7.2 - - - - - - - -

4th c. AD - - - - - - - - -

4th c. AD 10.6 - - - - - - - -

4th c. AD - - - - - - - - -

4th c. AD 2.7 - - - - - - - -

4th c. AD 3.6 7.3 7.2 - - - - - -

4th c. AD 8.7 - - - - - - - -

4th c. AD - - 1.6 - - - - - -

4th c. AD - - - - - - - - -

Abbreviations: a : anterior; r : right; DT: transverse diameter; e : external; f : female; l : left; GR : Gallo-Roman; i : internal; m : male;  
p : posterior; c. : century; s/s : proximal/distal epiphysation

Appendix. Coriscada – Vale do Mouro Osteometric data (cont.)  
Extract from the osteometric database of Thierry ARGANT

All measurements are given in millimeters and follow the coding of the OSTÉO database for mammals (Desse et al. 1986) or of  
A. van den Driesch for birds (Driesch 1976). An asterisk (*) indicates approximate value.
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Abstract
In the past two decades, different archaeological excavations carried out at the city centre of Vitoria-Gasteiz (province of Álava, 
Basque Country, Spain) have provided a great number of faunal assemblages dated to the Middle Ages. In 2013, the plots number 2 
and 4 on Las Escuelas street were excavated, uncovering two different sunken structures well dated between the 13th and the 
14th centuries AD. The faunal assemblage recovered at the site was rather unusual and mainly consisted of a large amount of 
sheep and goat horncores. The assemblage will be examined in relation to other archaeological evidence found at the site and 
compared with other contemporary zooarchaeological assemblages recovered at the city, both domestic refuse and artisanal 
refuse, in order to offer a possible interpretation for the origin of this peculiar assemblage. We suggest that these horncores 
were possibly discarded after having extracted the horn for manufacturing handles or other objects at an iron-working workshop. 

Keywords
Late Middle Ages, industrial waste, urban site, horncores, Iberian Peninsula.

Introduction

Although Spanish medieval zooarchaeology has undergone a remarkable development in recent years, 
most research has been focused mainly on subsistence topics, such as animal husbandry and diet, while 
important aspects such as artisan crafts remain scarcely known (Grau and García 2018). For that reason, 
the main aim of this paper is to contribute to shed some light on this poorly known issue by discussing 
evidence of horn-working in a late medieval urban site, which will lead to discuss  other general aspects 
such as medieval crafts in towns and social relationships in the medieval urban world.

In zooarchaeological literature, medieval industrial waste is normally recognized through 
what look like 'unusual' deposits to the eye of the specialist, often because of an abnormal selection 
of specific body parts and the occurrence of standardized butchery patterns in a specific context or 
structure. There are three types of industrial waste that are recognizable through archaeological animal 
remains: bone and antler working, tanning, and horn-working1. While distinguishing the first type is 

1. Here and throughout the text, a distinction is made between bone-/antler-working and horn-working based on two 
ideas: on the one hand, in our opinion, horn-working cannot be considered bone-working because the ultimate product 
or artefact will be made on horn, a keratinous, non-osseous tissue; on the other hand, medieval documentary sources 
suggest that the degree of specialization among artisans could be such that they were often considered different 
occupations (bone-/antler-workers and horners), or, in other cases, the job description would rather be a reference to 
the final product, regardless of the type of material used (e.g. hafters, who fabricated handles of different materials, 
including horn - MacGregor 2001: 367). This was not always the case, however: in early and high medieval Netherlands, 
it has been suggested that horn was worked together with bone and antler by a single artisan (Rijkelijkhuizen 2013: 222).

GRAU SOLOGESTOA, Idoia, NISO LORENZO, Javier, LOZA URIARTE, Miguel (2022) - Crafts in medieval towns: horn-working in Vitoria-Gasteiz (Basque Country, 
Spain). In Valente, Maria João, Detry, Cleia, Costa, Cláudia (eds.), New TreNds iN iberiaN Zooarchaeology. Estudos & Memórias 19. Lisboa: UNIARQ - Centro de 
Arqueologia da Universidade de Lisboa, p. 167-183. 
https://doi.org/10.51427/10451/54939
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fairly easy2, distinguishing the other two types is much more complicated due to some similarities in 
the assemblages resulting from both activities, namely a large proportion of horncores (some summary 
of horncore deposits is presented, for example, in MacGregor 1985: 51–53, and 1989). Another factor 
that complicates the recognition of horn-working in the archaeological record is that horn is only rarely 
preserved in archaeological contexts. Identifying and reconstructing the manufacture process of horn 
without the final product can be quite challenging. Moreover, not all methods for extracting the horn 
leave marks on the bone, complicating the identification of this activity. As a consequence of the difficult 
identification of horn-working in the medieval archaeological record, many examples of industrial waste 
have been interpreted as evidence for tanneries, mainly based on unusually large numbers of animal 
horncores and hand or feet bones (i.e., Albarella 2003; Serjeantson 1989); however, could we perhaps 
be overlooking possible evidence for horn-working, confusing it with tanning?

This paper aims at explaining the process of horn-working in pre-industrial times, by presenting 
the analysis of an archaeological faunal assemblage dated between the late 13th and mid-14th cen- 
turies AD, recovered at the Basque town of Vitoria-Gasteiz, possibly related to horn-working, and 
discussing the possible link between horn-working and metal-working, in relation to a process of craft 
specialization in the Late Middle Ages.

Horn-working

Before presenting the archaeological materials that will be examined in this paper, the current section 
will be dedicated to explaining the process of horn-working3. It must be mentioned beforehand that the 
academic literature on the topic is quite scanty; our knowledge on horn-working mainly derives from 
publications (books4 or online resources5) on this craftsmanship aiming at a non-academic audience 
(with some exceptions, such as Schmidt 1891; Andés 1925; Vuilleumier 1980; Hardwick 1981; Stone 1988; 
Lehmkuhl 2005; Schaverien 2006; Nieuwenburg-Bron 2007; Rijkelijkhuizen 2008). In general, medieval 
archaeologists and historians have not paid much attention to the process of horn-working, its trade and 
craft, although some work has been done on the topic (for medieval and post-medieval horn-working, 
see, for example: Ulbricht 1984; Lauwerier and van Heeringen 1995; Weisgerber 1998; MacGregor et al. 
1999; Ervynck et al. 2003; Riddler 2004; Ashby 2005; Schibler 2007; Riddler et al. 2012; Rijkelijkhuizen 2013; 
Yeomans 2008; Konczewska 2011; Pawłowska 2011; Salvagno et al. 2017); however, many publications 
are punctual case-studies or provide only short mentions to horn-working. 

Horn is only very rarely preserved in archaeological contexts, largely depending on 'the inhibition 
of biodeterioration by environments unfavourable to aerobic fungal activity (e.g. lack of oxygen, low 
temperatures, limiting pH, very low relative humidity), the presence of biocides, or a combination of 
the two' (O’Connor et al. 2015: 395), although horn might survive 'in apparently unfavourable burial 
conditions (…) as mineral preserved organic (MPO) remains where they have lain in close contact with 
corroding metals' (O’Connor et al. 2015: 395). This is however an unfortunate oversight considering that 
many objects used in everyday life would have been produced with horn, a material that is soft enough 
 

2. For instance, through the presence of easily recognisable debris related to bone and antler working. See, for instance, 
Pawłowska 2011.
3. Although this will be done only briefly. For a detailed explanation of the chaîne opératoire, see Schaverien 2006: 43-57 
or MacGregor 1985: 66–67.
4. For example, Borglund 1968.
5. For instance: http://www.personal.utulsa.edu/~marc-carlson/horn/hornhome.html (accessed 23/08/19); 
https://heritagecrafts.org.uk/horn-working/ (accessed 23/08/19); 
http://www.merchantandmakers.com/abbeyhorn-the-craft-of-horn-working/ (accessed 23/08/19); Constantine 2014.
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to be worked easily, while being hard and tough enough to be very durable. Horn is harder, denser and 
more wear-resistant than most wood types, and it can be processed through sawing, polishing, scraping, 
twisting or carving. Unlike wood, horn is less resistant to tension and bending, but it is extremely 
resistant to pressure. In past societies, horn was an easily accessible material (in historical periods, more 
than other raw materials, such as antler), very malleable and versatile. Some have suggested that horn 
became more popular than antler in medieval Europe as urbanization and deforestation increased and 
the population of red deer declined (MacGregor 2001: 366–367; Ulbricht 1984: 73). Indeed, horn can be 
considered the natural plastic of the pre-industrial era.

Horn is one of the keratinous hard tissues (alpha-keratins for mammals – McKittrick et al. 2012), 
that occur in animal bodies (together with baleen, hoof and tortoiseshell) and was widely used in 
manufacturing industries in the past. It consists of a non-deciduous cuticle composed mainly of keratin 
and calcium phosphate salts (O’Connor et al. 2015: 395) that appears in the form of a sheath around 
a bony horncore located at either side of the skull of ruminant artiodactyls such as cattle, sheep, 
goat or antelope. Horn was commonly used in the past as a raw material for the manufacture of very 
diverse objects such as composite bows, drinking vessels, powder horns, inkwells, sword, knife and 
fork handles, spoons, musical instruments, helmet panels, longbow knocks, lantern panes, reliquaries, 
hammer heads, shoehorns, and spectacle frames (see for example, MacGregor 1985: 19; Schaverien 
2006; Rijkelijkhuizen 2013).

The first step of horn-working is, of course, supply. As non-meaty animal by-products, horns can 
be easily available at a slaughterhouse, butchery, or tannery (Serjeantson 1989; Rijkelijkhuizen 2013)6. In 
some cases, it has been argued that the choice of place for a horn-working workshop at medieval towns 
was determined by the location of these other crafts in the vicinity, for convenience (Konczewska 2011: 
308–309). In any case, the importance of these links and relationships between different industries 
within the same town must be highlighted, although it is also attested historically, at least in England, 
that the trade of untreated horn existed at a larger scale (MacGregor 1989: 119). International horn 
trade is also attested in written documents; for instance, if there was a shortage of large horn cores in 
Europe, buffalo horns were traded from Asia or long-horned cattle horns were traded within Europe, 
(Rijkelijkhuizen 2013). Although the horn of exotic species might have been traded into Europe, specially 
in Post-Medieval times, they may have been imported without the horncore (just the sheath) and 
therefore, unlikely to be visible in archaeological contexts. 

The second step is to separate the sheath from the horncore. Generally, a horn-worker would 
chop or saw the horn from its basis, close to the skull, if it was not already supplied to him like that by 
the butcher or tanner. Then, there are different ways to separate the sheath (Schaverien 2006: 43). The 
horns can be left to decompose in open air or soaked in water for loosening and making them more 
malleable. However, this technique needs very long time to have any effect, so many specialists would 
soak (often boil in order to speed up the process) the horn and then hit it on the basis with a hammer 
in order to separate the sheath from the horn. Also, many horn-workers would remove the tip of the 
horn to help with this procedure7, although it is also possible that the tip was removed before soaking, 
since it could be used without needing to be split or pressed (Schaverien 2006: 45). Separating the 
sheath from the horncore is not only a long procedure, but generally also quite unpleasant: leaving 
the horn essentially to rot creates a lingering odour. There may be a practical reason why to choose 
leaving the horn dry or using water to separate the sheath: the first is adequate if the horn is going to be 
carved or sculpted, or shaped into simple forms; the second is for working with horns in presses or for 

6. Skins were often sold to the tanner with the horns still attached, to prove the species and the age of the animal 
(Serjeantson 1989: 139–140).
7. Archaeologically, extraction of the sheath both without cutting off the horncore from the skull and by cutting off the 
ends has been identified, for example, in Inowrocław (Poland) (Pawłowska 2011), a site that is contemporary with Las 
Escuelas 2–4.
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splitting it into leaves. If the horn is not needed complete, the horner might want to chop the horncore 
lengthwise, splitting it in half, to separate the two parts. Once out, the horn needs to be thoroughly 
cleaned, scraping and scrubbing out anything that remains inside it.

The third step would be to shape the horn, which can be left as a cylinder, for fabricating beakers, 
inkwells or drinking cups, for example, or can be turned to a sheet, by slitting the horn lengthwise 
on the inside of the curve, and pressing it, for making panes for lanterns or window panes. Then, the 
horn can be flattened, bent and pressed (either with a hammer or by a mechanic press), thanks to its 
thermoplastic properties (Schaverien 2006: 4). When it reaches around 130-150°C, the horn becomes 
flexible and malleable (Schaverien 2006: 48). In order to heat the horn, it can be boiled or roasted, and 
often the horn needs to be soaked in water or tallow, not to get burnt. In order to harden the horn, it 
can be placed in cold water. Some artefacts needed a second pressing, at a lower temperature, before 
forming into their final shape using a mould: these artefacts included spoons, boxes or shoehorns.

Lastly, the horn can be decorated, something that can be done with a range of techniques and 
styles that include carving, engraving polishing, moulding and dying with various pigments (Schaverien 
2006: 4 and 52–55). 

The site: Las Escuelas st. 2-4

The construction of a footbridge in the gardens at numbers 2 and 4 of Las Escuelas street, located in the 
southern part of the summit of the Old Town of Vitoria-Gasteiz (Álava, Basque Country, Spain) (Figure 1), 
motivated an emergency archaeological excavation, conducted by Iterbide S.C. The intervention was 
carried out in two different phases between November 2012 and June 2013 (Loza and Niso 2014). The 
excavated area is located a few meters to the North of the church of San Vicente and to the West of the 
medieval city walls that enclosed the upper part of the hill from the beginning of the 12th century AD. 

The results of the excavation allowed the recognition of a dense medieval settlement dated 
between the late 13th and mid-14th centuries AD8. All the remains are related with sunken featured 
structures, carved into the bedrock, because other later features were destroyed by modern works. 
The most remarkable structures found were a basement excavated above the abandonment levels of a 
large silo at the south of the intervened area, and a semi-basement related to artisanal or craft activities, 
located in the northern part. This semi-basement will be the focus of attention of this paper, because 
the material that will be analysed and discussed was found in the abandonment levels of this structure. 
This sunken featured structure was of an irregular shape, 5 m wide and 6. 70 m long, although only three 
of its sides were documented, as it was not possible to excavate all of it. The northern and southern 
sides were quite straight, whilst the western one was irregular, perhaps suggesting that the access to 
the semi-basement would have been in this side, through stairs or a ramp that were not preserved. The 
walls of this semi-basement were very irregular, with some areas being almost vertical and others with 
an incline. The bottom of it, though, was very flat. In the northern side of the structure, the excavators 
found the remains of a wall, although very damaged and incomplete. 

The excavators identified different layers that allow them to suggest that the structure was 
abandoned quite suddenly in the mid-14th century AD, without emptying it completely. Directly above 
of a clay floor, the excavators found a pile of more than a hundred adobe bricks, located on top of a 
wooden pallet. Close to it, in the north-western corner, they found a prismatic adobe structure, with 
a small circular hole on its upper side. Between both adobe structures, the archaeologists found a 
great number of charred cereal remains, which they tentatively suggested they were once inside a sack 

8. The archaeological contexts have been dated based on the ceramic types, the coins found, and the use of gradine to 
carve the semi-basement in the rock (Alfaro 2017). 
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that was not taken away when the building was abandoned. Above all these remains, the excavators 
identified a layer with a large quantity of adobe bricks and other construction elements that were 
probably related to the collapse of the building. The place was finally abandoned by filling the rest of 
the structure with a layer that was deposited there with the aim of preparing, levelling and regularizing 
the area for constructing a new building. For this, available waste was used, and in this case, it consisted 
on a very characteristic set of materials: together with domestic waste, excavators found hundreds of 
horncores, iron slag, various fragments of sharpening stones, two stone crucibles, some knifes, two 
bone anvils for serrated sickles, etc., that might suggest their relationship with artisanal crafts. 

The faunal assemblage

As mentioned above, the most significant characteristic of the faunal assemblage recovered in Las 
Escuelas 2-4 is the very remarkable number of horncores that were found at the site, most of them in 
context number 12 (Figure 2), dated to the first half of the 14th century AD, constituting almost half of 
the total assemblage and two thirds of the sheep and goat remains9. Most of the horncores belong to 
sheep and goat: the assemblage is composed mainly of sheep horncores (with a sheep/goat ratio of 9:1), 
that add up to nearly the 90% of the horncore assemblage, followed by goat, representing almost the 
10%, while cattle horncores and red deer antler are very scarce (see Table 1).

9. The analysis of the horncore assemblage will be the focus of this paper, but other faunal remains other than horncores 
were found at this site; these data (taxonomic quantification, kill-off patterns and anatomical representation) are shown 
in the Appendix.

Figure 1 - Location of the site and site plan of the excavation.

Bos Ovis Capra Ovis+Capra* Cervus 
elaphus Total

NISP 1 179 19 200 1 202

MNI (from NISP) 1 90 10 100 1 102

Table 1 - Taxonomic quantification of horncores and antlers. *: including fragments that were either Ovis or Capra.
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Approximately half of the horncores show evidence of butchery (Figure 3 and Table 2). Most of 
the horncores were chopped at the basis, and some of them also show chop marks close to the tip of 
the horn. A few of the horncores show cut and saw marks, sometimes in combination with chop marks.

Figure 2 - Some of the horncores found in context 12. On the top-right corner, detail of the chop marks 
at the basis of the horncores.

Figure 3 - Proportion of sheep and goat horncores (% by NISP) that show evidence of butchery.
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An attempt to identify the sex of the sheep and goat populations in the assemblage has 
been carried out on the basis of horncore measurements (raw data are available in Table A.1 of the 
Appendix). As the greatest length is not available for many of the horncores due to the butchery 
patterns and preservation conditions, the maximum and the minimum diameters at the basis of the 
horncores (measurements 41 and 42 according to von den Driesch 1976) have been used, compared 
to measurements taken from modern reference specimens of known breed and sex (from Salvagno 
and Albarella 2017). Figure 4 shows the results of this biometrical analysis for sexing the remains. As it 
is visible in this figure, most of the sheep horncores belong to males, while most of the goat horncores 
belong to females.

Discussion

The unusual characteristics of this assemblage of animal remains suggest that it constitutes evidence 
of waste related to an industrial activity that exploited animal by-products10. As described earlier, three 
types of such industrial activities can be found in medieval times: bone and antler working, tanning, and 

10. As defined by current European laws. See https://ec.europa.eu/food/safety/animal-by-products_en.

Chopped Chopped+cut Chopped+sawn Cut

Capra 4 2 0 1

Ovis 68 19 1 10

Table 2 - Number of horncores (by NISP) that show evidence of butchery, according to types of marks.

Figure 4 - Scatter-plot comparing the biometrical data taken from the sheep (left) and goat (right) 
horncores from Las Escuelas st. 2-4 (OVA and CAH, black circles), to measurements from 

modern reference specimens (Salvagno and Albarella 2017) of known breed and sex 
(males OA♂ and CH♂, grey triangles; females OA♀ and CH♀, grey squares).
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horn-working. We will now discuss which one is the case found in Las Escuelas. First, no strong evidence of 
bone working has been recovered at the site: only two finalised artefacts were found (two fragments of 
bone anvils for serrated sickles), and two bone fragments possibly related to bone-working waste (debris) 
were found, but in our opinion, this small proportion of waste products and damaged products does not 
constitute sufficient evidence to support the idea that bone-working was being carried out on site.

On the other hand, as mentioned earlier, one of the main issues when dealing with industrial 
bone waste is understanding if the remains are related to tanning or to horn-working. We suggest that 
the evidence presented here points towards the latter, horn-working, due to the following reasons: 
(i) horncores largely predominate over other anatomical elements, constituting half of the faunal 
assemblage recovered at the site; (ii) elements from sheep and goat autopodials (i.e. phalanges and 
metapodials), which are usually interpreted as being related to the practice of tanning (Serjeantson 1989; 
Albarella 2003) are less common than other postcranial bones; (iii) there is a large proportion of butchered 
horncores, at their basis and at their tip, a pattern that is consistent with known horn-working techniques 
for the extraction of the horn, as described earlier; and finally (iv) contextual information at the site might 
corroborate the interpretation of this assemblage as industrial waste related to horn-working. 

As mentioned earlier, material culture related to metal-working (specifically, iron-working) has 
been recovered at the site, including iron slags, sharpening stones, bone anvils for serrated sickles, stone 
crucibles and knifes, suggesting that this artisanal activity was carried out in the vicinity, if not at the 
site itself. In fact, at the excavation site of El Campillo, located very close to Las Escuelas st. 2-4, the 
excavators found evidence very similar to that described in this paper (Azkarate and Solaun 2013: 44–45 
and 481). It seems quite possible that this southern area of the town used to be home of an intense 
industrial activity during the Late Middle Ages. The occurrence of horn-working waste and metal-working 
evidence in the same contexts suggest a strong relationship between these two industrial activities 
during the late medieval period, and poses some interesting questions. Were blacksmiths who were also 
carrying out the horn-working? Does this mean that horn-working was not a specialized craft in Vitoria? Or 
maybe specialized horn-workers at the town used to manufacture other types of tools or objects?11 At Las 
Escuelas, the association of horn-working waste with material culture related to metal-working, allows us 
to suggest the possibility that, perhaps, the on-site workshop (if there was indeed one) may have been 
specialized in producing items that needed both activities to be carried out together, rather than being 
the workshop of either a horner or a blacksmith. If this was the case, a likely product would be knives, 
which would have needed metal-working for producing the blades and horn-working for producing the 
handles. Possibly, cutlers or handle makers could be considered a distinct artisanal job by the Late Middle 
Ages in the Basque Country, perhaps in relation to a progressive specialization and increasing complexity 
of metal-working itself. In fact, such jobs appear mentioned in documents from Vitoria, although slightly 
later than the time considered in this paper (Blázquez and Porres 1985; García Fernández 2005). In medieval 
England, professional guilds of horners were formed in London and York (MacGregor 1989: 115), and the 
Cutlers’ Company of London included a range of specialized workers such as cutlers (who assembled 
and marketed the finished products), blade smiths, sheathers, and hafters, who fabricated handles of 
different materials, not just horn (McGregor 2001:367). Nonetheless, the possible knife-making workshop 
at Las Escuelas remains as a mere hypothesis, as there is another explanation to the association of horn-
cores with metal-working: Rijkelijkhuizen (2013: 223) suggested that the knife maker could have used 
the horns for hardening the iron blades by burning the sheaths and mixing them with other ingredients; 
then this paste would be put on the blade and heated, and cooled down with water, vinegar or urine; 
this procedure would make the iron absorb the carbon and nitrogen, strengthening it. In any case, this 
possibility only rejects the idea that the horns were being used as raw materials for producing handles, 
but does not reject the interesting idea that blacksmiths were using horn for their craft.

11. On the problems related to degrees and types of specialised craftmanship in historical times, see for example 
Petrikovits 1981a and 1981b, Schlesier 1981, Burford 1985, Harris 2001 and Lang 2011.
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There is one other possible industrial use that might explain this assemblage and should be 
discussed. If horn and hoof are boiled in water long enough, they turn into glue (Ebnesajjad 2011) that 
can be used for stiffening bow strings and fabrics, adhering fabric to wood, creating thin lacquers, 
sealing glass into frames, and sealing ceramic containers. Nonetheless, because of the clear evidence 
for metal working found at the site, the production of glue is less convincing as an interpretation than 
the hypotheses discussed above. 

An important aspect to consider is that of the supply of the working materials to the horners. 
MacGregor (1985 and 1989) argued that such a specialized and large-scale manufacture activity would 
not have been possible out of large towns that would attract a steady supply of horned animals. This 
is certainly the case for late medieval Vitoria, that was at the time a prosperous urban centre. It is not 
possible to determine who provided the horncores examined here, although they probably came from 
a slaughterhouse, a butchery or a tannery located in the town.

Most of the zooarchaeological literature concerning horn-working highlight the importance of 
cattle horn for this craft (Konczewska 2011; Rijkelijkhuizen 2013; O’Connor et al. 2015). At other European 
medieval sites, however, a similar proportion of cattle and goat horncores has been documented 
(Pawłowska 2011). Rijkelijkhuizen (2013) mentions that cattle horn is generally preferred over sheep 
because cattle horn is much larger and sheep horn is less practical because of its deep groves, while goat 
is quite smooth, but much smaller than cattle. In fact, a preference for large horncores (mainly males) 
has been noted as well in prehistoric contexts (e.g. Lisowski 2014). But at Las Escuelas, almost the entire 
horn assemblage is composed of caprines, mainly sheep. Why sheep and not cattle? There are several 
possible explanations for this. First of all, artisan’s choice: the horner might have preferred using sheep 
horns for a particular reason, like its appearance. For instance, 'sheep and goat horn can be translucent 
and virtually colourless while cow horn may have a pale brown or greenish tinge, or be layered and 
longitudinally streaked with colours ranging from white to reddish brown or black' (O’Connor et al. 
2015: 397). It is also possible that larger horns were not needed if the item produced here was a small 
one, such as knife handles, while for other manufactures, such as lantern panes, larger horns than sheep 
would have been needed. But perhaps the most practical reason to choose sheep over other species’ 
horns is related to their availability. In fact, zooarchaeological research carried out on other late medieval 
faunal assemblages within the town of Vitoria-Gasteiz and the province of Álava12 has shown that sheep/
goat (and mainly sheep) predominated over other taxa (Figure 5), so it is quite possible that the horner 
worked mainly with sheep horns simply because that was the most easily accessible material. 

According to our biometrical analysis, presented earlier in this paper, there is a clear selection of 
horns from a specific sex in this assemblage: almost all the remains correspond to male sheep horncores 
and female goat horncores. Why would the horn-worker mainly use rams’ and does 'horns and not ewes' 
and bucks’? The two possible answers for this are the horner’s preference or availability; for the reasons 
explained in the following lines, we believe that it was mainly a matter of availability, rather than choice.

As we just discussed, one likely explanation is based on the sexual dimorphism of the two species: 
males have larger horns than females. A logical thing would be for the artisan to prefer larger horns 
over small ones, as more material to work with would be available per animal. However, this preference 
based on larger size can only explain the sex ratio observed in sheep, but it does not explain the sex 
ratio for goats. Perhaps the artisan preferred smaller horns, but again this possibility would explain only 
the sex ratio of one of the species. Moreover, we could not find in the literature any mention to different 
mechanical properties of the horns of different sexes within the same species, so this reason seems 
unlikely to explain the observed sex ratios. 

12. Sites marked with an * in Figure 5 were reviewed in Grau et al. 2016 (where original references are provided), with the 
exception of El Campillo (Castaños and Castaños 2003–7), and Arganzón and Treviño, unpublished.
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Another possibility is that, by the Late Middle Ages, an increasing number of sheep breeds might 
be characterised by hornless ewes; if this was the case, the horner would have no other choice but to 
use rams’ horns instead. Although hornless ewes occur occasionally in mouflon and urial ewes, the 
reduction of horn size (until its disappearance) is thought to be one of the major physical changes 
that resulted of sheep domestication (Ryder 1983: 16 and 37–38). Of course, hornless sheep are easier 
to handle, so it is a characteristic that is highly sought after by farmers. It is unclear, however, when 
did hornless sheep become common: this condition has not received much scholarly attention and is 
rarely reported, perhaps because sheep skulls are often not well preserved in archaeological contexts. 
Albarella (2020) reported an increase of polled sheep in central England during the High and Late Middle 
Ages; but, to the best of our knowledge, there is no similar study for the Iberian Peninsula. In the case of 
goats, perhaps the most reasonable explanation for the observed sex ratio is also the availability of the 
materials to work with: any goat herder would keep only a small number of male goats in comparison 
to females, so adult goat populations were likely predominated by females, making these the most 
readily available for horn-working. Thus, availability seems to be the most likely explanation for the 
clear predominance of sheep and goat in this assemblage, and for the visible patterns in the sex ratios 
of both species.

Figure 5 - Proportion (% by NISP) of sheep/goat compared to cattle in other late medieval sites 
in Vitoria-Gasteiz (above) and Álava (below).
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Conclusion

In summary, this paper has explored the process of horn crafting. This artisanal activity has not 
received yet the scholarly attention that it deserves, despite the key importance of this material for the 
fabrication of many items commonly used in medieval and post-medieval daily life. It would have been 
a great opportunity to compare the assemblage presented here with other contemporary assemblages 
containing horn-working evidence but, as explained earlier, there are very few cases in which this 
activity has been clearly identified, analysed and published with enough detail and, to the best of our 
knowledge, the horncore assemblage recovered at Las Escuelas 2–4 is the first of this type reported in 
detail in the Iberian Peninsula.

The unusually large number of horncores found at Las Escuelas 2–4 has motivated a discussion 
about zooarchaeological evidence for horn-working in the Middle Ages and its relation with iron 
working, as well as about other general aspects such as medieval crafts in towns and their progressive 
specialisation, and social relationships in the medieval urban world, thus hopefully contributing to shed 
some light on some of the aspects that are most poorly known from a zooarchaeological point of view 
in medieval Iberia. 
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Appendix 1. list of measurements

CTX TAX Max. diam. Min. diam.

8 OVA 45.1 30.9

23 OVA 47.9 35.1

16 OVA 43.4 32.5

16 OVA 43.1 30.1

16 OVA 48.9 33.1

16 OVA 43.5 31.8

16 OVA 50.3 32.1

16 OVA 52.5 31.1

16 OVA 43.8 31.3

16 OVA 47.9 32.4

27 OVA 51.1 36.5

27 OVA 47.7 33.3

27 OVA 46.8 34.8

27 OVA 45.9 35.8

27 OVA 40.5 31.4

27 OVA 40.2 29.5

12 OVA 38.6 28.5

12 OVA 38.4 28.7

12 OVA 49.3 33.4

12 OVA 44.1 31.4

12 OVA 50 31.5

12 OVA 50.5 35.2

12 OVA 43.7 29.8

12 OVA 59.2 38.5

12 OVA 45.2 33.1

12 OVA 42.2 30.3

12 OVA 53.4 38.8

12 OVA 48.8 42.5

12 OVA 36.9 29.7

12 OVA 43.8 30.7

12 OVA 40.4 27.2

12 OVA 48.4 31.5

12 OVA 42.2 33.4

12 OVA 43.3 32.2

12 OVA 53.8 38

12 OVA 50 33.7

12 OVA 46.7 31.4

12 OVA 42 31.6

12 OVA 44.4 31.6

12 OVA 44.6 27.2

12 OVA 39.5 28.2

12 OVA 38.8 30.8

12 OVA 46.5 30.8

12 OVA 43.4 31.5

12 OVA 48 32.4

12 OVA 36.1 26

12 OVA 46.3 32

12 OVA 47.1 31.3

12 OVA 45.9 33.3

12 OVA 43 30.9

12 OVA 23.8 23.3

12 OVA 42.9 29.1

12 OVA 49.2 31.2

12 OVA 40.8 30.5

CTX TAX Max. diam. Min. diam.

12 OVA 51.6 35.3

12 OVA 39.6 31.2

12 OVA 50.1 34.8

12 OVA 41.1 29.4

12 OVA 51.5 33

12 OVA 53.8 39.9

12 OVA 57.2 39.6

12 OVA 44 31.6

12 OVA 36 25.3

12 OVA 46.1 31.4

12 OVA 44.6 30.2

12 OVA 42.3 32.4

12 OVA 52.5 36.1

12 OVA 44 31

12 OVA 42.6 33.6

12 OVA 39.2 28.7

12 OVA 43.5 29.3

12 OVA 50.4 34.2

12 OVA 41.6 32.5

12 OVA 40.6 29.3

12 OVA 47.6 34.7

12 OVA 44 33.7

12 OVA 39.9 28.3

12 OVA 38.6 26.8

12 OVA 51.9 32.3

12 OVA 38.6 28

12 OVA 51.2 31.6

12 OVA 47.4 36.5

12 OVA 47.9 32.5

12 OVA 42.5 29.5

12 OVA 52.8 30.7

12 OVA 55.4 35.8

12 OVA 42.2 35

12 OVA 47.6 31.6

12 OVA 39.5 28.4

12 OVA 43.1 32.9

12 OVA 38.2 28.7

12 OVA 37.5 26

12 OVA 40.7 27.6

12 OVA 42.8 31.6

3 CAH 26.5 17.8

12 CAH 43.2 22

12 CAH 32.1 20.9

12 CAH 39 24.7

12 CAH 32.1 22.5

12 CAH 33.3 22.6

12 CAH 52.9 35.8

12 CAH 46.9 27.6

12 CAH 25.7 15.1

12 CAH 31.7 19.8

12 CAH 30 16.8

12 CAH 27.8 22.4

12 B 42 38

Table A1 - Horncore measurements (mm). OVA: Ovis aries; CAH: Capra hircus; B: Bos taurus.
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Appendix 2. other faunal remains

All bone and teeth remains recovered at the site were recorded following well established zooarchaeological methods (Albarella 
and Davis 1994). Table A.2 shows the results of the taxonomic quantification of the faunal remains –other than horncores–
according to the Number of Identified Specimens (NISP) and Minimum Number of Individuals (MNI). All materials were recovered 
in contexts dated between the late 13th and mid-14th centuries AD.

The assemblage in Table A.2 is what we could expect in general from domestic waste, as it shows many similarities with other 
urban assemblages in the area dated to the same period (Grau et al. 2016): sheep and goat predominate, being half of the 
assemblage when compared to cattle and pig (Figure A.1), followed by cattle and pig, in that order; all parts of the skeleton are 
present, without any obvious selection of body parts, although postcranial bones are predominant compared to teeth (Figure 
A.2); the kill-off patterns suggest that cattle was mainly used for traction, sheep and goat were raised for mixed purposes, and 
pig was being killed quite young (Figure A.3).

Bos Ovis+ 
Capra Sus Equus Canis Lagomorphs Gallus 

gallus
Anser  

sp. Total Other-non 
countable

NISP 57 90 37 3 2 2 26 2 219
Cervus  elaphus, 
human and fishMNI 

(from NISP) 4 8 2 1 1 1 3 1 21

Table A2 - Taxonomic quantification of teeth and postcranial elements.

Figure A1 - Relative frequencies (%) of the three most common taxa, according to NISP and MNI 
(adding teeth and postcranial elements of cattle + sheep/goat + pig)
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Figure A2 - Anatomical distribution of cattle, sheep/goat and pig (considering only NISP of teeth and 
postcranial bones). Frequency (%) of an element in relation to the most common one, by MNI.

Figure A3 - Ageing data of the three main domesticates (cattle, sheep/goat and pig) according to epiphyseal 
fusion stage (% by NISP of postcranial bones).
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Abstract
The site of Oficina do Senhor Carrilho, located in the historical city centre of Loulé (Algarve, Portugal), was excavated in 1997 
under an emergency intervention. The fieldwork revealed two trash pits, with Almohad deposits. These had a vast assemblage of 
ceramic remains, metal artifacts, stone and glass fragments and faunal remains.
This study aims to present the zooarchaeological study of the collection, including its taxonomic variety, quantification, and 
presence of anthropic modifications such as cutmarks and thermo-alteration. Data will be used to understand not only the issues 
related to the diet of Loulé’s Medieval community, but also other inherent economic aspects.
The collection is composed by several species, mostly mammals such as rabbit, red deer, sheep and/or goat, among others. 
Red deer is the largest source of meat and cattle is absent, making Oficina do Senhor Carrilho unique when compared with other 
contemporary contexts in Gharb al-Andalus (Algarve). A few chicken and fish remains were also identified. 

Keywords
Zooarchaeology, Almohad, Medieval Islamic, Algarve.

Introduction

The analysed faunal remains come from the islamic site of Oficina do Senhor Carrilho (OSC; in English: 
Mister Carrilho’s Workshop), located in Loulé (Algarve region in Portugal; Figure 1A-B) and excavated 
in 1997 under an emergency intervention. The excavation followed the methodology proposed by 
Carandini (1981), Harris (1989) and Barker (1995). The collecting was made by hand, without the sieving 
of sediments (Luzia 1997). 

The excavation revealed two trash pits used during the Almohad occupation (12-13th centuries AD). 
The faunal collection of OSC comes from the interior of the two pits, which correspond to 

stratigraphic units UE1 and UE3 (UE meaning Unidade Estratigráfica; in English: Stratigraphic Unit). 
Pit UE1 had c. 1.70 m of upper diameter and 0.80 m depth; Pit UE3 was c. 1.50 m upper diameter and 
1.40 m depth. Inside these units, animal remains were exhumed in UE4, 5 and 7 (Figure 1C). All units 
contained small traces of charcoal ashes, as well as ceramic and tile fragments, metal, bone, stone and 
glass artefacts, and faunal remains (Luzia 1997).

The main goal of this study is to understand the issues related to the diet of this human 
community, namely to understand which species are most consumed (domestic versus wild), as well 
other associated economic aspects, such as strategies of exploitation and management of carcasses. In 
the end, a comparison is made with similar contexts of the same period in Iberian Peninsula (al-Andalus). 

ALEIXO, Patrícia, VALENTE, Maria João, LUZIA, Isabel (2022) - Zooarchaeological study of Oficina do Senhor Carrilho, an urban Medieval Islamic site (Loulé, 
Portugal). In Valente, Maria João, Detry, Cleia, Costa, Cláudia (eds.), New TreNds iN iberiaN Zooarchaeology. Estudos & Memórias 19. Lisboa: UNIARQ - Centro de 
Arqueologia da Universidade de Lisboa, p. 185-201. 
https://doi.org/10.51427/10451/54939
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Methodology 

The morphological and taxonomic identification of the faunal remains was made with the aid of the 
reference collections of the Laboratory of Archaeology and Restoration of the University of Algarve, 
of the Laboratory of Archeosciences of the DGPC (Direção Geral do Património Cultural), as well as 
manuals of identification (e.g. Schmid 1972). 

The distinction between sheep and goat followed the parameters from specialized references 
(Boessneck 1969; Zeder and Lapham 2010; Zeder and Pilaar 2010).

The remains whose identification were not possible were classified according to animal size 
categories, such as large sized animals (LSA; e.g. red deer, horse), medium sized animals (MSA; e.g. 
caprids, swine) and small sized animals (SSA; e.g. rabbit, cat). When it was not possible to determine the 
size of the animal, those remains were considered as non-determined (ND). 

For quantification we calculated the Number of Identified Specimens (NISP) and Minimum 
Number of Individuals (MNI) by stratigraphic unit (UE) and species (in number and percentage) (Valente 

Figure 1 - Location of Oficina do Senhor Carrilho (OSC) and its archaeological features (pits): A) location of OSC in 
Portugal; B) location of OSC in Loulé; C) stratigraphic sequence in both pits (UE = stratigraphic unit; adapted from 

Luzia 1997:15).
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1997; Lyman 2008). The calculation of the MNI along the NISP is important, since it is less affected by 
differential fragmentation (Klein 1980: 227) and “overcomes possible specimen interdependence 
because of how MNI is defined” (Lyman 2008: 44). The MNI calculation took into account the estimated 
ages of the specimens.

For the age-of-death, the two standard methods were used: the stage of fusion between the epi-
physes and diaphysis of long bones, and the eruption of permanent dentition and the tooth wear stages. 

- For the fusion of the bones we used the following references: 
- For rabbit (Oryctolagus cuniculus): Jones 2006.
- For cat (Felis catus): Smith 1969.
- For caprines (Ovis aries and Capra hircus): Silver 1969; Barone 1976 and Zeder 2006. 
- For swine (Sus domesticus and/or Sus scrofa): Silver 1969; Barone 1976 and Zeder; Lemoine 
and Payne 2015.

The dental eruption and teeth wear were defined with the following references: 
- For cat (Felis catus): Berman 1974.
- For caprines (Ovis aries and Capra hircus): Payne 1973 and Grant 1982. 
- For red deer (Cervus elaphus), we used, with adaptations, the study of Bowen et al. 2016 for 
the teeth wear of fallow deer (Dama dama).

We adopted a simplified classification of the age groups: infants, juveniles and adults. Such classes 
correspond at the intervals of 0 to 6 months, 6 to 12, and +12 months for caprines and swine. 

Anthropic modifications were also recorded, namely cutmarks and thermo-alteration. 

General description of the collection 

The study of the materials from the OSC revealed a significant faunal collection, with several complete 
or almost complete anatomical elements. We analysed 1810 remains, from which 873 were classified 
(NISP), corresponding to 48.2% of the total material (Table 1). 

The most common species in the collection are rabbit (Oryctolagus cuniculus), followed by red 
deer (Cervus elaphus) and caprines (goat, Capra hircus and sheep, Ovis aries). In this collection we were 
able to differentiate 14 goat and 13 sheep remains. Chicken (Gallus gallus) is also well represented. The 
other identified taxa are the following: horse and/or donkey (Equus sp.), pig and/or wild boar (Sus sp.) 
and domestic cat (Felis catus).

For the fish remains, pink dentex (cf. Dentex gibbosus) and houndshark (cf. Triakidae) are the 
prevalent species, followed by hake (Merluccius merluccius; cf. Merluccius merluccius), sea bream (cf. 
Sparidae), and finally meagre (Argyrosomus regius).

In general, the NISP is composed by 750 mammal remains (85.9%), 86 bird remains (9.9%) and 37 
fish remains (4.2%). 

The UE 5 (Pit UE1) is composed by 114 remains, from which 30 are identified (26.3%). The majority 
belongs to caprines, red deer and rabbit, followed by cat, pig and/or wild boar and chicken. This UE is further 
composed for a significant number of large and medium sized mammals and indeterminate fish remains. 

In UE4 we analysed a total of 638 remains, from which 331 are identified (51.9%). The majority 
belongs to rabbit and chicken. Caprine remains are also well represented. Red deer and swine are less 
abundant. As for the fishes, the most significant taxon is pink dentex. This UE is also composed by a 
significant number of non-determined fishes and medium sized mammals.

Finally, the UE 7 presents the largest number of remains (1058), from which 512 remains are 
classified (48.4%). The most common species are the rabbit and red deer. Caprines, chicken and equids are 
also present. Swine and cat remains are scarce. In this UE none of fish remains were analysed, therefore 
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all are unclassified. This UE is also composed of a significant number of medium sized mammals and 
non-determined remains.

Thus, Pit UE3 is composed by a total of 1696 remains, from which 843 remains are identified, 
while Pit UE1 has only 30 determined remains of a total of 114 remains, as already mentioned.

In general, in Pit UE3 there is a preponderance of the rabbit and the chicken over the other 
animals. As for the larger animals, the red deer and the caprines are the most abundant. Fish remains do 
not quantify more than one individual for each taxon (Table 2).

Taxon UE4 UE5 UE7 TOTAL %NISP group %NISP total

Mammals

Oryctolagus cuniculus 213 7 270 490 65.3% 56.1%

Felis catus - 2 3 5 0.7% 0.6%

Equus sp. - - 26 26 3.5% 3.0%

Sus sp. 10 2 12 24 3.2% 2.7%

Cervus elaphus 12 8 92 112 14.9% 12.8%

Ovis aries - - 13 13 1.7% 1.5%

Capra hircus 3 3 8 14 1.9% 1.6%

Ovis aries/Capra hircus 22 6 38 66 8.8% 7.6%

Total Mammals 260 28 462 750 100% 85.9%

Birds

Gallus gallus 34 2 50 86 100% 9.9%

Total  Birds 34 2 50 86 100% 9.9%

Fishes

cf. Triakidae 4 - - 4 10.81% 0.5%

Merluccius merluccius (e cf.) 3 - - 3 8.11% 0.3%

Argyrosomus regius 2 - - 2 5.41% 0.2%

cf. Dentex guibbosus 25 - - 25 67.57% 2.9%

cf. Sparidae 3 - - 3 8.11% 0.3%

Total Fish 37 – – 37 100% 4.2%

Total NISP 331 30 512 873 – 100%

Total %NISP 37.9% 3.4% 58.6% 100% – 100%

Non-determined

14 6 54 74 - -

Medium sized mammals 92 28 144 264 - -

Medium/large sized mammals 60 1 40 101 - -

Small  sized mammals 17 27 41 85 - -

Non-determined mammals 19 9 196 224 - -

Non-determined bird 10 - 1 11 - -

Non-determined fish 95 13 70 178 - -

Total Non-determined 307 84 546 937 – –

Total 638 114 1058 1810 – –

%  Total 35.2% 6.3% 58.5% 100% – –

Table 1 - General quantification of OSC faunal remains: 
Number of Identified Specimens (NISP); Stratigraphic Unit (UE).
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Description of the collection by species

Mammals 

The faunal collection of the OSC is composed by seven different mammals, thus making this the most 
significant group. 

Oryctolagus cuniculus (rabbit) 

In OSC, rabbit holds the highest number of identified specimens (NISP), but we are not certain of its 
status (wild or captive).

Rabbit is also the species with a highest minimum number of individuals in OSC (= MNI 29), 
especially in UE 4 and 7 (Pit UE3). Its remains are similarly represented between axial and appendicular 
elements (Table 3), suggesting that the complete carcass of rabbit was processed. 

As for the age-of-death, most of the specimens are from adult individuals, however we can 
identify four tibias from immature individuals (< 9 months, according to Jones 2006).

Felis catus (cat)

In OSC, the presence of cat is less significant than in other sites of the same period, being represented 
by 2 mandibles (Figure 2A), 1 maxilla and 2 ulnas for UE5 and 7 (= MNI 2). 

The epiphyses of both ulnas (left and right) from UE 5 are fused, which means that this individual 
was >12 months (i.e. adult; Smith 1969). As for the UE 7 (mandibles and maxilla) the dentition shows that 
this animal was >6 months (subadult or adult) (Berman 1974).

Taxon UE 4 UE 5 UE 7
Total %MNI 

group
%MNI 

generalAge group JUV ADU JUV ADU INF JUV ADU

Mammals

Oryctolagus cuniculus 1 10 - 1 - 1 16 29 59.2% 44.6%

Felis catus - - - 1 - - 1 2 4.1% 3.1%

Equidae - - - - - - 2 2 4.1% 3.1%

Swine - 2 1 1 - - 1 5 10.2% 7.7%

Cervus elaphus - 2 - 2 1 - 4 9 18.4% 13.8%

Caprines - 1 - 1 - - 3 5 10.2% 7.7%

Birds

Gallus gallus - 7 - 1 - - 4 12 10.0% 18.5%

Fishes

Triakidae - 1 - - - - - 1 25.0% 1.5%

Merlucciidae - 1 - - - - - 1 25.0% 1.5%

Scianidae - 1 - - - - - 1 25.0% 1.5%

Sparidae - 1 - - - - - 1 25.0% 1.5%

Total 1 26 – 6 1 1 30 65 – 100.0%

Table 2 - Minimum number of individuals (MNI) for infants (INF), juveniles (JUV) and adults (ADU).
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Anatomical part/
Taxon

UE 4 UE 5

ORY S CE CH O/C SSA MSA M/
LSA LSA ND ORY FC S CE CH O/C

Cranial elements

horn - c - - - - - - - - - - - - c -

cranium 5 - - - - 5 1 10 - - 1 - - - - -

maxilar - - - - - - - - - - - - - - - -

upper teeth - 5 1 - - - - - - - - - - - - -

mandible 21 - - - 1 - 2 - - - 2 - - - - 2

lower teeth - - 3 - 3 - - - - - - - - - - 1

teeth 35 - - - 1 - - - - - 2 - - - - -

Axial elements

vertebra 24 - - - 2 - 12 - 5 - - - - - - -

rib 27 - - - - 6 57 21 2 - - - - - - -

pelvis 9 - - - - - - - - - - - - - - -

sacrum 1 - - - - - - - - - - - - - - -

Anterior appendicular

scapula 14 1 2 - - - 1 - 1 - 1 - - - - -

humerus 17 - 1 - - - - - - - - - 1 1 - -

radio 15 - - 1 1 - - - - - - - 1 - - -

ulna 10 1 - - 2 - - - - - 1 2 - - - -

carpals - - - - - - - - - - - - - - - -

metacarpal - - - - 3 - - - - - - - - - - -

Posterior appendicular

femur 23 - - - - - - - - - - - - 1 - -

patella - - - - - - - - - - - - - - - -

tibia 10 - - - 2 - - - - - - - - - - -

astragalus - - - - - - - - - - - - - - - -

calcaneus - 1 - - - - - - - - - - - 1 - c

tarsals - - - - - - - - - - - - - - - 1

metatarsal 1 - 4 1 3 - - - - - - - - - 1 -

Others

metapod - - - - - - 3 1 -- - - - - - 1

phalanx 1 1 2 - - - - 1 - - - - - - - 2 -

phalanx 2 - - 1 1 1 0 - - - - - - - - - 1

phalanx 3 - - - - 3 - - - - - - - - 5 - -

ND bones - - - - - 6 18 26 5 19 - - - - - -

Total 213 10 12 3 22 17 92 60 14 19 7 2 2 8 3 6

Table 3 - Anatomical distribution of remains: Oryctolagus cuniculus (ORY); Felis catus (FC); Equus sp. (EQ); 
Sus sp. (S); Cervus elaphus (CE); Capra hircus (CH); Ovis aries (OA); Ovis aries/Capra hircus (O/C); Small sized 
animals (SSA); Medium sized animals (MSA); Medium/large sized animals (M/LSA); Large sized animals (LSA); 

Non-determined (ND).
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UE 5 UE 7

Anatomical part/
Taxon SSA MSA M/

LSA LSA ND ORY FC EQ S CE CH OA O/C SSA MSA M/
LSA LSA ND

Cranial elements

horn - - - - - - - - - - - - 1 - - - - -

cranium - - - - - 14 - - 1 5 - 2 - 1 3 4 3 -

maxilar - - - - - - 1 - - 7 - - - - - - - -

upper teeth - - - - - - - - - 1 - - 2 - - - - -

mandible - - - - - 29 2 - 3 13 - - 9 - - - - -

lower teeth - - - - - - - - 2 - - - 2 - - - - -

teeth - - - - - 76 - - 1 - - - - - - - - -

Axial elements

vertebra 2 10 1 2 - 4 - 1 - 10 - - 2 - 21 13 7 1

rib 25 18 - 4 - 11 - - - - - - - 15 105 13 30 -

pelvis - - - - - 42 - - - 2 - - 2 - 1 2 - -

sacrum - - - - - 1 - - - - - - - - 1 - - -

Anterior appendicular

scapula - - - - - 17 - - - - - - - - 3 - 2 -

humerus - - - - - 21 - 1 2 4 3 - - - 2 - 2 -

radio - - - - - 2 - 2 2 2 - - 1 - 1 - - -

ulna - - - - - 6 - - - - - - 1 - 1 - - -

carpals - - - - - - - 2 - 1 - - - - - - - -

metacarpal - - - - - - - - - 7 - - 5 - - - - -

Posterior appendicular

femur - - - - - 34 - - - 3 - - 3 - - - - -

patella - - - - - - - - - - - - - - - - - -

tibia - - - - - 10 - 1 - 3 - 2 - - - - - -

astragalus - - - - - - - - - 1 - - 1 - - - - -

calcaneus - - - - - - - -- - 1 - 2 - - - - - -

tarsals - - - - - - - - - 2 - - 1 - - - - -

metatarsal - - - - - - - 2 - 8 3 5 - - - - - -

Others

metapod - - - - - - - 1 - 1 - - 3 - - - - -

phalanx 1 - - - - - 3 - 5 - 10 - - 2 - - - - -

phalanx 2 - - - - - - - 5 - 4 2 2 2 - 1 - - -

phalanx 3 - - - - - - - 6 1 7 - - 1 - - - - -

ND bones - - - - 9 - - - - - - - - 25 5 8 10 195

Total 27 28 1 6 9 270 3 26 12 92 8 13 38 41 144 40 54 196

Table 3 (cont.) - Anatomical distribution of remains: Oryctolagus cuniculus (ORY); Felis catus (FC); Equus sp. (EQ); 
Sus sp. (S); Cervus elaphus (CE); Capra hircus (CH); Ovis aries (OA); Ovis aries/Capra hircus (O/C); Small sized 
animals (SSA); Medium sized animals (MSA); Medium/large sized animals (M/LSA); Large sized animals (LSA); Non-

determined (ND).



Zooarchaeological study of Oficina do Senhor Carrilho,
an urban Medieval Islamic site (Loulé, Portugal).

Patrícia aleixo, 
Maria João Valente, isabel luzia

192

Equus caballus (horse) and/or Equus asinus (donkey)

The distinction between Equus caballus and Equus asinus was not possible due the skeletal similarity 
between these species, even when observing the parameters pointed out in specialized works (e.g. 
Johnstone 2004; Hanot and Bochaton 2018). On this regard, see Figure 2C.

Figure 2 - Faunal remains: A) left and right Felis catus mandibles; B) metatarsal of male Gallus gallus f. domestica; 
C) Equid proximal phalanges (the arrows indicate thin cutmarks).
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All equid remains are from UE 7 (= MNI 2), being absent in Pit UE1. The specimens mostly belong 
to the appendicular skeleton, which could mean that only specific portions of the equid carcasses were 
processed.

The fusion stage of epiphyses indicates that both individuals are adults. The establishment of 
more specific ages was not possible due to the absence of teeth.

Sus sp. (pig and/or wild boar) 

The distinction between Sus domesticus and Sus scrofa through the lower third molar (Albarella et al. 
2005) was not possible, since the only identified specimen is fragmented. 

The analysed collection is composed by a low number of swine (4.1% of mammals NISP; = MNI 2) 
(Table 1). The pig and/or wild boar remains are most represented by appendicular and cranial skeleton. 

As for the age-of-death, swine specimens are mostly from adult individuals. However, we 
identified an unfused proximal epiphysis of a right radius, which indicates the presence of a juvenile 
individual, with less than 12 months (Silver 1969; Barone 1976; Zeder et al. 2015).

Cervus elaphus (red deer)

Comparing with other sites in Iberian Peninsula, red deer is quite abundant in OSC – a singular situation, 
even more given its urban nature. The major percentage of deer remains are from UE 5 and 7 (> 20% of 
mammals NISP); in UE 4 it is scarcer (5%). 

All red deer skeleton parts (cranial, axial, appendicular) are represented (Table 3), which means 
that the complete carcass was processed.

The fusion stage of epiphyses indicates adult individuals; however, through dental analysis 
(second lower molar in eruption) we also verified the presence of one immature individual.

Ovis aries and Capra hircus (sheep and goat)

In OSC was possible to identify 13 sheep remains (two craniums, two tibiae, five metatarsals, two 
calcanei and two medial phalanges) and 14 goats (three humeri, one radius, five metacarpals, two 
proximal phalanges 1 and three medial phalanges). 

Caprines are the third group with the higher number of remains (+10% of mammals NISP), 
especially un UE 5 (32%).

Every caprine skeleton parts are represented, which means that the complete carcass was 
processed.

Most specimens are from adult individuals; for instance, one mandible with lower third molar 
displays a wear corresponding to 4-6 years (Payne 1973). Unfortunately, teeth present in the remaining 
mandibles are very fragmented and did not allow age estimation.

Birds: Gallus gallus (chicken)

Chicken was the only identified bird in the collection, with a significant representation (10% of total 
NISP). Based on the nature of the context (urban) and material abundance, most probably the materials 
belong to domestic fowl (Gallus gallus f. domestica). However, we did not specifically direct the analysis 
to recognize its domestic status. 
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The species is most represented by appendicular skeleton (Figure 2B), although every skeletal 
part is present. Most specimens are from adult individuals. 

The presence of a few chicken eggshell remains in the OSC collection indicates that eggs might 
also have be consumed. 

Fishes

The presence of fishes remains are significant, however only a small part was analysed (UE 4 with 37 
remains; Table 1). It was possible to identify five different taxa, all marine and native to the Portuguese 
coastal ecosystem (Carneiro et al. 2014): pink dentex (cf. Dentex gibbosus); houndshark: (cf. Triakidae); 
hake (Merluccius merluccius); meagre (Argyrosomus regius) and sea bream (cf. Sparidae). 

Anthropic modifications

Cutmarks

The OSC collection is composed of 207 remains that show anthropic marks, such as cutmarks and 
fractures (Table 4). Two types of cutmarks were observed in the OSC bone collection (Shipman and 
Rose 1983): thin and long, affecting only the superficial tissue, resulting from lighter actions, such as 
skinning; and deep and short or long, normally resulting from chopping the carcass to disarticulate the 
anatomical parts.

Many of the marks and fractures in the OSC are deep, caused by a cleaver, although there are 
some thinner ones (Figures 2C, 3A). Except for fishes, most taxa display remains with cutmarks, but, in 
general, the taxa with the highest number of remains are also the ones displaying more specimens with 
cutmarks: medium sized animals, followed by red deer and large sized animals. On the reverse, such 
marks are scarce in small sized mammals, such as in rabbits (only eight of 490 remains) or in cat (no 
evidence of cutmarks).

Table 4 - Faunal remains with cutmarks and thermo-alteration.

Taxon
Cutmarks Thermo-alteration

UE4 UE5 UE7 Total % Total UE4 UE7 Total % Total

Leporids - - 8 8 3.9% 8 9 17 32.1%

Equids - - 10 10 4.8% - 1 1 1.9%

Swine - 1 - 1 0.5% - - - –

Cervids - - 24 24 11.6% - 2 2 3.8%

Caprines 1 - 16 17 8.2% 1 2 3 5.7%

Gallus gallus 3 - 9 12 5.8% - - - –

Total NISP 4 1 67 72 – 9 14 23 –

Large sized mammals 3 - 18 21 10.1% - 2 2 3.8%

Medium sized mammals 23 6 52 81 39.1% 6 2 8 15.1%

Medium/large sized mammals 4 - 14 18 8.7% 1 1 2 3.8%

Small sized mammals - - 2 2 1.0% - - - –

Size non-determined - 2 11 13 6.3% 6 12 18 34.0%

Total non-determined 30 8 97 135 – 13 17 30 –

Total 34 9 164 207 – 22 31 53 –
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Figure 3 - Faunal remains: A) caprine (Ovis aries or Capra hircus) mandible with lighter and deeper cutmarks; 
B) distal femur epiphysis of Oryctolagus cuniculus with thermo-alteration (brown and black); C) distal femur epiphysis 

of Cervus elaphus with thermo-alteration (black).
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Thermo-alteration

The present collection is composed of 53 thermal altered remains, mostly of non-determined animal, 
followed by rabbit and medium sized animals. The OSC unit with most of the faunal remains (UE 7) is 
also the unit with a higher number of remains with thermo-alteration (n=31). On the other hand, UE 5 
does not have any remains showing such features (Table 4). 

The great majority of thermal altered remains belongs to the appendicular skeleton of the 
animals, a natural pattern due to the greater representation of these bones in the collection. Most 
of these remains present black colour (Figure 3B-C). Black-coloured remains are in the third phase of 
thermo-alteration, according to Shipman, Foster and Schoeninger (1984). The collection also has three 
brown-coloured remains: one red deer cuboid-navicular and two rabbit mandibles (second phase). In 
addition, there are two grey rabbit mandibles (fourth phase) and one white caprine middle phalanx 
(fifth phase).

These data indicate that most of the thermal altered remains are the result of culinary processes. 
However, the existence of some bones with more intense thermo-alteration, associated to evidences of 
some burned artefacts (Luzia 1997), might be related to trash (pit) fire with cleansing purposes. 

Similar contexts 

In addition of OSC there are other archaeological sites with Medieval Islamic occupation in Algarve and 
in other areas of the Iberian Peninsula with published zooarchaeological analyses. These studies allow 
us to make some comparisons, aiming to find similarities and differences between collections. 

The most interesting contexts located in Algarve to achieve that are the following: Castle of Salir 
(Martins 2013, 2015), Lixeira de Silves (Davis, Gonçalves and Gabriel 2008), Castle of Paderne (Pereira 
2011), Casa das Bicas (also located in Loulé; Branco and Valente 2015) and Alcaria de Arge (located nearby 
Portimão; Moreno-García et al. 2008) (Figure 4). 

These sites present different characteristics, some having urban civilian contexts (Lixeira de 
Silves, Casa das Bicas), others having a semi-military/military conditions (Salir, Paderne) and one being 
clearly rural (Alcaria de Arge).

Castle of Salir, located in Loulé municipality, presents materials from three different chronologies, 
from the beginning of the 12th century AD until after time of the Christian conquest, and includes several 
types of contexts (silos, used as trash deposits, and dwelling areas; Martins 2013, 2015). It is a small urban 
site with an important military presence. In the Almohad occupation, caprines are the most common 
taxon, followed by leporids and cervids. Other animals appear in smaller numbers, although cattle and 
carnivores are of relative importance. Swine remains are not significant (only 1% of the collection). A 
few fish specimens were classified, such as golden grouper (Epinephelus alexandrinus), mottled grouper 
(Mycteroperca rubra) and gilthead seabream (Sparus aurata).

At Lixeira de Silves most of the exhumed faunal remains are associated with the Almohad 
occupation (Davis, Gonçalves and Gabriel 2008) and correspond to domestic trash deposits. Caprines 
are the most common taxon, followed by cattle and leporids. Swine and cervids are not abundant (> 
1% and 1.2% respectively). The collection is also composed of fish remains, where pink dentex (Dentex 
gibbosus), common seabream (Pagrus pagrus), gilthead seabream (Sparus aurata) and Sparidae in 
general are well represented. 

As for the Castle of Paderne, it is a fortification that seems to be essentially dated from the 
Almohad period, and whose small faunal collection dates from the end of this occupation (Pereira 2011). 
Similar to what we find in OSC, leporids, cervids and caprines are the prevalent animals. The collection 
is also composed of swine remains (corresponding to 10.3% of the mammals). There are more species 
but in small numbers.
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At Casa das Bicas, in Loulé, the animal remains are from urban trash deposits, whose chronology 
must be around the 13th century (Almohad period; Branco and Valente 2015). In this collection, caprines, 
cattle and leporids are most significant taxa, however swine and cervids are poorly represented (<1.2%). 

Alcaria de Arge, in Portimão, also presents an Almohad occupation. The zooarchaeological study 
(Moreno-García et al. 2008) indicates a variety of contexts (silos and compartments) where leporids, 
cattle, and caprines are the most common animals. Dog remains are also well represented. Swine 
corresponds to 3.6% of the mammals and cervids only to 1.3%. As for the fish remains, the prevalent 
species are common seabream (Pagrus pagrus), gilthead seabream (Sparus aurata), common pandora 
(Pagellus erythrinus) and meagre (Argyrosomus regius). 

In addition of these archaeological sites located in the Algarve, other contexts were used for 
comparison: Mesas do Castelinho (Cardoso 1994), Saltés (Lentacker and Ervynck 1999), Ambra (Iborra 
2006) and La Moraleda (Alonso-Valladares and Garrido-García 2015) (Figure 4). 

At Mesas do Castelinho, in Almodôvar, the animal remains are from a pit, located on the outside 
of the Muslim castle, and are associated with the Umayyad occupation (9-10th centuries AD) (Cardoso 
1994). In this collection, leporids and caprines are the prevalent taxa. However also cervids are well 
represented (16.1%), as in OSC. Equid, swine and carnivore remains are not significant (corresponding 
only to >1%). 

As for Saltés, in Huelva, the materials are from the Moorish harbour town and are associated with 
the Almohad occupation (Lentacker and Ervynck 1999). Caprines and leporids are the most common 
animals in the collection followed by cattle. Carnivore remains, especially cat, are significant (4.3%). 
Equids are poorly represented (2.5%). The collection is also composed of fish remains such as pilchard 
(Sardina pilchardus), axillary seabream (Pagellus acarne), smooth-hound (Mustelus mustelus), tope shark 
(Galeorhinus galeus) and many others. 

Figure 4 - General faunal abundance for several al-Andalus sites, including OSC (only main mammal taxa).
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Castle of Ambra, located in Pego (Alicante) presents materials from the mid 13th century AD, 
until after time of the Christian conquest (Iborra 2006). From the Almohad occupation caprines are the 
prevalent group (79.2% of mammals), followed by swine (12.8%) and cattle (7%). The remaining mammals 
(leporids, felids, equids, cervids) are not significant, corresponding only to >1% from total NISP. Other 
animals appear in smaller numbers. 

La Moraleda (Antequera, Málaga) is a site located on the frontier from the Nasrid Kingdom of 
Granada and the Castile Kingdom.The faunal remains are from the 14-15th centuries AD (Alonso-Valladares 
and Garrido-García 2015). The most well represented animals are caprines (43.4% of mammals), cervids 
(19.8%), equids and cattle (13.2% each). Swine corresponds to 4.8% and leporids and carnivores to 2.8% 
each. The collection is also composed by other animal remains, but they are not significant. 

Almost all of these sites have domestic chicken (except in Mesas dos Castelinho and La Moraleda). 
This species is well represented in Salir, Lixeira de Silves and Alcaria de Arge, and less so in Casa das Bicas 
and Castle of Ambra. In some cases, the presence of wild birds, such as the red partridge (Alectoris rufa), 
is also attested (e.g. Salir, Alcaria de Arge and Saltés). 

In almost of all of the sites, we can observe a high diversity of animals, where caprines and leporids 
are the most common animals (except for Castle of Ambra and La Moraleda, where leporid remains are 
scarce). There is a diverse abundance of cervids and cattle–some sites display a high number of their 
remains, some other do not.

 Swine remains are usually less than 5% of mammals. The only site where that percentage is higher 
is in Castle of Ambra and Paderne. The presence of equids is only significant in La Moraleda. 

As for carnivores, cats and dogs are predominant in al-Andalus; other less common carnivores, as 
fox, bear, badger, common genet and beech marten are also known. 

The collection of OSC differs from other collections by the abundance of wild game–cervids and 
(most probably also non-domesticated) leporids–and the absence of cattle. The most similar collections 
are Castle of Paderne, Castle of Salir and Mesas do Castelinho. In La Moraleda cervids are also well 
represented, although leporids are not significant. 

Discussion and conclusions

The faunal collection of the OSC presents a diverse group of taxa, especially mammals. The presence 
of rabbit, red deer and caprines (the most abundant animals in OSC), are common in medieval Islamic 
contexts in Southern Iberia (Pereira 2011, 2014). 

In OSC the domesticity status of rabbit is unknown. Some studies suggest that rabbit was 
domesticated in French monasteries during the Early Middle Age (e.g. Clutton-Brock 1999; Carneiro et al. 
2011); however, like many other animals, its domestication, rather than be pin-pointed to a single event 
or moment in history, “was the result of a continuous, dynamic process” (Irving-Pease et al. 2018). The 
high percentage of this species in Medieval Islamic sites in Algarve (as well as in most Southern Iberia) 
may indicate that they were captive animals (perhaps even fully domesticated). Nonetheless, several 
historic sources report the regular hunt of rabbits and their usual presence in medieval markets (see 
discussion in Valente and Marques 2017: 87). The high presence of rabbit indicates a clear preference for 
the consumption of an animal that would be easy to game in the local Mediterranean scrublands and/
or kept as livestock. Rabbit meat had an important role in the diet of these Islamic communities and, in 
addition, leporid fur was also probably used. 

Red deer is a highly considered game animal, usually hunted by elites (namely military). As already 
mentioned, is a common species in archaeological sites of this period, but normally poorly represented 
(Pereira 2011, 2014). Red deer remains are more significant in sites where animal hunting was a regular 
activity, as in military settlements (e.g. Castle of Paderne, Castle of Salir and Mesas do Castelinho). 
The natural factors, favorable to the availability of wild species in these areas, can also explain this 
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abundance, namely in La Moraleda (Alonso-Valladares and Garrido-García 2015). In OSC, this species is 
the largest source of meat and we should consider the acquisition of this animal at the local market, 
having been consumed in a special (festive?) occasion. 

The significant presence of sheep and goat in several medieval Islamic contexts, indicates a 
preference for the consumption of these species. Furthermore, according to some historic sources, 
caprine meat (especially of sheep), it was very appreciated (García Sanchez 1996). 

On the other hand, the presence of species such as horse and pig are scarce. Equids have been 
domesticated since the Chalcolithic (or Bronze Age) but they were not affected by huge manipulations and 
artificial human selections (Clutton-Brock 1999: 100). In Islamic Medieval times, the presence of equids is 
common, mainly in urban settlements (Pereira 2011, 2014), where it was used as riding and transportation 
animal. Often it could also be employed as draught animal. In this study, the prevalence of appendicular 
elements and the presence of cutmarks indicate that their meat may also have been consumed, and their 
skin and tendons were surely used–bones with cutmarks normally indicate such usage (as already been 
observed by Valente et al. [forthcoming] for Aracena). However, horse is considered a disapproved food 
(Makrũk) by the Quran and donkey a forbidden food (Harãm) (Morales Muñiz et al. 2011).

Pig and wild boar are also considered a Harãm food, although it is also known that in case of need 
these animals could be consumed (Quran, 2, 173). The presence of swine remains in several contexts 
(specially with cutmarks), such as OSC, most certainly indicates its consumption. Also, we cannot be 
sure of the religion followed by the people who ate these animals. Medieval Loulé is known to have 
several ethnic/religious communities and, for instance, Mozarabs (Iberian Christians who lived under 
Moorish rule in al-Andalus) could be one of them. 

Carnivores are also poorly represented in OSC, cat being the only identified species. In general, it 
is the prevalent carnivore in contexts of this period, although dog remains are also often found. 

The OSC collection also presents an important number of bird (only chicken) and fish remains. 
Chicken, a domestic fowl, is a common species in sites from the Almohad period and its meat was 
widely consumed by the human communities. In addition, chicken eggs could also be consumed, which 
is confirmed by the presence of a few eggshell remains in the OSC collection. 

In this study, as in other Islamic contexts, the presence of fishes remains, like pink dentex, 
houndshark, hake, meagre and sea bream, indicates that these animals were an important food source, 
in particular for the human communities living in fluvial or coastal areas. Such value is also observed in 
several food treatises from al-Andalus (e.g. García Sánchez 1996; Salas-Salvadó et al. 2006). 

In sum, this study identified an unusual faunistic collection, that differs from other known contexts 
from the same period in al-Andalus, especially considering it features urban domestic deposits. Some 
aspects stand out on its difference, the most noticeable being the abundance of red deer and the total 
absence of cattle, a common animal in other Medieval Islamic contexts. Data also show an abundance 
of small and medium sized mammals and game species, but, comparing with other alAndalus sites, 
sheep and goat are less common. 

The OSC collection is characterized by some other aspects as the presence of skeletal parts 
with high meat value (e.g. upper part of the appendicular skeleton), which denounces the eminently 
alimentary nature of its faunal accumulation. 

The features above-presented are in agreement with an urban domestic trash context, with 
many of the animal remains having been used as food. The unusual presence of high valued meats, in 
particular from red deer, may indicate a special (feastive?) meal.
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Abstract
In this paper, we present the preliminary results of a biostratinomic study of bones submerged in sea water with the aim to 
identify patterns that may help us to understand the diagenetic processes that took place in the assemblages of two historical 
shipwrecks (16th and 17th centuries) located in the Bay of Cádiz (Spain). The faunal assemblage of these shipwrecks was 
composed by 122 NISP of cattle, caprine, suid, cat, chicken and probably cetaceous species that were recovered with different 
taphonomical characteristics (cut marks, stains, erosion and fouling) and, probably, different origins (refuse from the ships or from 
the slaughterhouses located around the bay). In order to understand the taphonomic characteristics and to attempt to reconstruct 
the origin of the shipwreck bone assemblages we collaborated with the ARQUEOMONITOR Project during its final year.
The main objective of this project was to document the alteration of different submerged materials at two sites within the Bay of 
Cádiz. The reference bone materials used in the experiment were cattle tibia and femur, half of them boiled before immersion 
to remove the collagen. These samples were then retrieved at different times over a one-year period in order to study the 
macroscopic taphonomy produced by the marine sediments and biota. The preliminary results enable us to define differences 
between boiled and raw bones during the first 6 months of the trial, although after this time alterations are similar in both samples. 
Furthermore, we are able to understand the fouling of the archaeological bones from the shipwrecks as modern bioerosion. 
We also present the initial results of microanalysis using SEM (scanning electron microscopy) and EDX (energy dispersive X-ray 
spectroscopy) for the study of microerosion and chemical changes in bone structure.

Keywords
Biostratinomy, bioerosion, Taphonomy, shipwreck, fouling.

Introduction

In the Modern Age, Cádiz was an important city and was one of the main ports that connected Spain and 
America in the 17th and 18th centuries (Cervera 2007). According to Navarro (2007), around 1000 ships 
were anchored here in the 18th century. This important trade by sea is probably one of the reasons for 
the number of shipwrecks along the Cádiz coast (García and Alzaga 2008). Some have been excavated 
by the Underwater Archaeology Centre of the Instituto Andaluz del Patrimonio Histórico (IAPH) (Ridela 
et al. 2017) and the faunal assemblages have been studied by the Laboratory of Palaeobiology of the 
IAPH (Bernáldez-Sánchez et al. 2014a, 2014b). In particular, the Delta Project, conducted by Tanit Gestión 

GARCÍA-VIÑAS, Esteban, BERNÁLDEZ-SÁNCHEZ, Eloísa, SAMEÑO-PUERTO, Marta, FERNÁNDEZ-MONTBLANC, Tomás, BETHENCOURT, Manuel (2022) - 
Biostratinomic study of bones immersed in marine water: Preliminary results and inferences from the Delta Project bone assemblages. In Valente, Maria João, 
Detry, Cleia, Costa, Cláudia (eds.), New TreNds iN iberiaN Zooarchaeology. Estudos & Memórias 19. Lisboa: UNIARQ - Centro de Arqueologia da Universidade de 
Lisboa, p. 203-216. 
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Arqueológica S.C. and the Underwater Archaeology Centre, excavated two shipwrecks named Delta I 
and Delta II (Higueras-Milena et al. 2014). Delta I was dated in the 17th century and Delta II in the 16th 
century (Ridela et al. 2017).

The faunal assemblages from Delta I and II studied by Bernáldez-Sánchez et al. (2014a) were 
constituted by 122 NISP with a total weight of 11207.3 g from seven species: Bos taurus, Capra hircus/Ovis 
aries, Sus scrofa and Felis catus, also an undetermined cetaceous and one Gallus gallus domesticus (Tables 
1 and 2). The majority of these species were terrestrial animals that were probably consumed by humans. 
In addition, it was observed that 46% of the bones displayed butchery marks. Some of these bones and 
perhaps all of the horns of the assemblage may be linked to the slaughterhouses located in the same area 
(Caballero et al. 2006; Márquez 2008), but other bones could be part of the refuse from daily activities, 
possibly on board the ships. However, it was difficult to establish the origins of the bones assemblages 
and to confirm that they were rubbish derived from the daily life of the sailors on board these vessels. 
Fouling was observed on 15% of the bones, probably related to a recent colonization (Bernáldez-Sánchez 
et al. 2014a), but no reference was available for the time of colonization of the different species in the 
Cádiz Gulf in order to certify this hypothesis.

In order to address these outsatnding questions we collaborated with researchers of the 
ARQUEOMONITOR Project during its final year and we submerged animal bones at two different sites 
on the Cádiz coast (Bethencourt et al. 2014). Unfortunately, we could only retrieve and analyse the 
samples located around the S.M.I. Bucentaure shipwreck in the Bay of Cádiz (Bethencourt et al. 2014, 
2018), as the other samples were moved after tidal waves. We are aware of the limitations of the 
preliminary study, due to the small sample size and the short period of sampling time, however the 
experiment has provided useful results to explain some of the taphonomic aspects of underwater 
taphocoenosis in marine environments (González-Duarte et al. 2018). 

The analysis of biostratinomic and diagenetic processes in current ecosystems is useful to 
understand taphocoenosis (Andrews 1995; Bernáldez-Sánchez et al. 2017; Denys 2002; Domínguez-
Rodrigo 1998; Lyman 1994). There are a number of papers about the diagenesis of bones (Behrensmeyer 
1978; Bernáldez-Sánchez 2011; Domínguez-Solera and Domínguez-Rodrigo 2009; Yravedra 2006), 
some of them related to aquatic ecosystems (Anderson and Bell 2014; Arnaud et al. 1978; Ascenzi and 

Delta I Anatomical part NISP Bioerosion & fouling Erosion Stains Cut marks

Bos taurus

Skull 5 1 bone with fouling 
1 bone with ostreids - 1 5

Humerus 2 - - 1

Radius 1 1 1 -

Metacarpus 1 - - -

Femur 3 1 bone with serpulids & bryozoans  1 1 3

Ovis aries / Capra hircus

Skull 3 - - 1

Maxilla 1 - - -

Pelvis 1 - 1 1

Tibia 1 - - -

Sus sp.
Vertebra 1 - - 1

Scapula 1 - - 1

Macrovertebrate Pelvis 1 Ostreids & serpulids - 1 -

Gallus domesticus Tibia 1 - - -

Total 22 4 bones with fouling 2 5 13

Table 1 - NISP determined in the Delta I bone assemblage.
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Silvestrini 1984; Fernández-Jalvo and Andrews 2003; Pokines and Higgs 2015). In aquatic environments 
the decay of soft tissue usually takes longer than in terrestrial sites (Anderson and Bell 2014; Haglund 
1993; Pinheiro 2006), for instance the decay of the soft tissue of one red deer (Cervus elaphus) that died 
in a lake took three times longer than other red deer carcasses located on terrestrial biotopes in the 
Sierra Norte of Seville (García-Viñas and Bernáldez-Sánchez 2018). 

Delta II Anatomical part NISP Bioerosion & fouling Erosion Stains Cut marks

Bos taurus

Skull 3 1 fouling - - 2

Mandible 5 1 - 1

Vertebra 9

2 fouling 
1 bone with ostreids & bryozoans 
1 bone with fouling & algae 
1 algae

1 - 6

Rib 2 - - 1

Sternum 1 - - -

Radius 3 1 bone with balanus, bivalves, bryozoans 
& serpulids - - 1

Pelvis 1 - - -

Femur 4
2 bone with fouling  
1 bone with ostreids & algae 
1 bone with ostreids & serpulids

- - 2

Tibia 1 - - -

Humerus 5 - - 4

Metacarpus 1 - - 1

Metapodium 1 1 - -

Phalange 2 1 - -

Ovis aries / Capra hircus

Skull 4 1 bone with fouling - 1 3

Mandible 1 - - 1

Femur 3 Gnawing marks of a rodent - - 2

Vertebra 2 - - 2

Metacarpus 1 - - -

Sus sp.

Mandible 2 - - -

Vertebra 1 - - -

Humerus 4 - - 1

Pelvis 1 1 bone with ostreids, bryozoans & serpulids - - -

Tibia 1 - - -

Tarsal 1 - 1 -

Felis catus Talus 1 - - -

Macrovertebrate

Rib 7 1 bone with ostreids, bryiozoans & 
serpulids - - 3

Vertebra 2 - - 1

Scapula 1 - - -

Long bone 2 2 1 -

Mesovertebrate

Mandible 1 - - -

Rib 10 - - 3

Vertebra 3 - - 1

Sternum 1 - - -

Femur 1 - - -

Indeterminate* 7 2 - -

Gallus domesticus Tibia 5 - - 1

Total 100 14 bones with fouling 8 3 36

Table 2 - NISP determined in the Delta II bone assemblage. *two of these fragments belong to Cetaceous.
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 Taphonomic analysis of faunal adhesions (fouling) makes it possible to distinguish bones from 
marine and freshwater environments (Pokines and Higgs 2015), although in the microscopic analysis the 
bones from both ecosystems show the same erosion patterns (De Battista et al. 2013). The estimation 
of the time that carcasses were immersed in an aquatic environment has been addressed forensic 
anthropologists, although the focus has mainly been placed on the study of changes in soft tissue 
(Pinheiro 2006). Some specialists have, however, carried out studies in order to estimate the date of 
bone remains (Castellano et al. 1984; Yoshino et al. 1991), although mainly centering on the date of 
death. In this case, we study the processes undergone by submerged bones, boiled and raw, in order 
to obtain some useful keys for the interpretation of the faunal assemblages from historical shipwrecks, 
focusing on the first months before burial in sediment.

Study area

The specific environmental and biological conditions of each study area are important in order to 
understand the taphonomic processes observed in archaeological bones (Gregory 2009; Pinheiro 2006). 
The experimental submersion site used for this study is located next to the Bucentaure shipwreck, in the 
outer Bay of Cádiz (Figure 1; Bethencourt et al. 2018), on a mixed rocky-sandy seabed at a depth of 12 m. 
The water temperature varies throughout the year from 13ºC in February to 20ºC in September. The 
salinity also shows seasonal differences: 36.7% in September, due to the increase of rainfall and decrease 
of evaporation in summer, and 35.7% in April. 

Figure 1 - Study area.The Bucentaure shipwreck is located in the Bay of Cadiz (south-western Spain).
Images from d-maps.com (copyright Daniel Daley).
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The community of this biotope is adapted to these environmental factors. According to González-
Duarte et al. (2018), the sessile community identified in wood samples located in the Bucentaure area 
after 15 months was composed by a number of different species: Algae (Ceramium diaphanum+Scagelia 
sp., Dictyota dichotoma), Mollusca (Anomia ephipium, Teredo navalis), Bryozoa (Cellepora pumicosa, 
Plagioecia patina), Polychaeta (Filograna implexa, Spirobranchus triqueter), Crustacea (Balanus sp.) and 
Tunicata (Ecteinascidia turbinate).

Other environmental parameters of interest in this study are the characteristics of the sediment 
and the velocity of the waves. Sediments can be classified as moderately sorted coarse sand (D50 = 
1.095 mm), making their transport in suspension mode difficult (Bethencourt et al. 2018). The wave 
velocity range is between 0.25 m/s and 0.6 m/s.

Methodology

The biostratinomic analysis was carried out using the diaphysis of a tibia and a femur from the same 
individual of Bos taurus, since cattle bones are large enough to carry out all of the  analyses and even 
to repeat some if necessary. According to Gruppe (1988), compact bones are chemically more stable 
than cancellous bones. We used raw and boiled bone samples to test if the bioerosion processes were 
different, in order to distinguish bones from the slaughterhouses and from daily refuse (that could have 
been cooked) in the taphocoenosis collected under the marine water. We were not able to observe all 
of the traces produced by abrasion (Aslan and Behrensmeyer 1996; Fernández-Jalvo and Andrews 2003) 
because the samples were fixed to a panel (Figure 2), but it is possible to see the erosion produced by 
sand impacts due to the energetic water movements that characterise coastal marine environments 
(Pokines and Higgs 2015). Ten samples (five of them boiled) were submerged on the 18th of July, 2014, 
and were collected at four intervals over a one-year trial period:

• First sampling. October 25th, 2014
• Second sampling. January 11th, 2015
• Third sampling. May 7th, 2015
• Final sampling. July 20th, 2015 

Figure 2 - Experimented bone samples. The upper row are boiled samples, the bottom row are raw bones
(soft tissue is visible in the latter).
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The macroscopic analysis focused on the observation of adhesions of sediment and taxa (molluscs, 
algae, bryozoans, etc.), the conservation of soft tissue (adipocere), erosion and changes in coloration. 
We are currently following up the microscopic analysis using SEM-EDX (Scanning Electron Microscopy - 
Energy Dispersive X-ray spectroscopy) in order to study in greater detail the micro-morphological 
alterations and changes in the chemical composition of the samples.

Results and discussion

Macroscopic taphonomy

The results of the macroscopic analysis are presented here following the time-line of the sampling in 
order to understand some of the main aspects of the biostratinomic processes suffered by the bones 
immersed in marine ecosystems. We have included observations of both of the faces of the shaft bone 
(internal and external). Although the internal face was better preserved from the water movements 
(Figure 1), fouling is present on both faces. 

First sampling. October 25th, 2014

After three mounts under water, two samples of femur were collected (Figure 2) and kept in the fridge (all 
of the samples recovered throughout the experiment were treated in the same conditions). The boiled 
bone showed some algae filaments and gastropods. The raw bone did not display bioerosion (Figure 3), 
although some sediment was present in the cancellous bone. The gastropods were determined as an 
Anomia ephippium (LM= 14.13 mm) and some serpulids, that are known to be common in materials 
recovered after a time under marine water (Bernáldez-Sánchez and García-Viñas 2012; Cámara et al. 2017). 
The determination of vermetids is very difficult due to the similarities in shape with other invertebrates 
such as serpulids (Gofas et al. 2011), but Cámara et al. (2017) have identified these forms as serpulids at 
the same location. 

In contrast to terrestrial conditions, in which the absence of organic material produces the 
disinterest of scavengers (Thompson and Lee-Gorishti 2007), in this case the soft tissue conserved in 
the raw bone preserved the bone from biological colonization. 

Also we determined adipocere (saponification) in the cancellous bone of both samples, although 
more intense in the raw bone (Pokines and Higgs 2015). This adipocere is a soap like substance 
composed of hydrated body fats (Figure 4; Kahana et al. 1999; O’Brien et al. 2007; Ubelaker et al. 2011) 
that gradually disappears in parallel to other degradation processes. Adipocere formation depends on 
water temperature, oxygen concentration and is also promoted by the bacterium Clostridium (O’Brien 
et al. 2007; Ubelaker et al. 2011).

The bones appear well preserved in the macroscopic analysis, but blanching and some white dust 
was noted when they were touched. However, no rounding of the exposed margins was observed, a 
common taphonomic characteristic produced by battering and abrasion in water environments.

Second sampling. January 11th, 2015

Two samples of femur were collected after six months of immersion. The raw bone continued without 
any great bioerosion, presenting a good state of preservation with only a barnacle (Balanus sp.) and a 
serpulid. The invertebrate colonies were larger in the boiled sample: serpulids, bryozoans (Escharoides 
coccinea) and one mollusc (Figure 3) were identified. It is interesting to note that bryozoan colonies may 
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Figure 3 - Samples collected after three (A-D) and six months (E-H) in marine water. A-B, E-F. Boiled bone; C-D, G-H. 
Raw bone. After three months, it is possible to observe adipocere in the cancellous bone of B and D. After six months, 
the adhesion of biota in more intense in the boiled samples than in the raw bones. It is also possible to observe 
adipocere in the cancellous bone in H. Although the internal face was better preserved from the water movements, 

fouling is observed on both faces..
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take only minutes to form (Pokines and Higgs 2015). In the historical faunal assemblages from the Delta 
shipwrecks 15% of the bones displayed fouling, some of them with live bryozoans, probably linked to a 
recent colony during the archaeological activity (Bernáldez et al. 2014a).

Only in the raw sample was is possible to observe adipocere in the cancellous bone. At this 
moment, it is possible to distinguish raw bone from boiled bone immersed at the same time in a marine 
environment through the analysis of macroscopical characteristics. 

In addition the surface of the bone was eroded and it was possible to observe grooves, produced 
by bioerosion and/or the collision of marine water carrying sand and sediment. The bones were bleached 
and it was possible to observe the partial rounding of the margins. 

Third sampling. May 7th, 2015

After 10 months under water, both samples of tibia (raw and boiled) had been colonized by invertebrates. 
However, the bioalteration from serpulids recorded on the boiled bone was relatively higher than that 
of the raw sample (Figure 4). The boiled sample was colonized by one Anomia ephippium (LM= 13.46 
mm), serpulids, bryozoans, while an ostreid and a serpulid were adhered to the raw sample. 

It is interesting to note that after ten months there was no adipocere left in the bones, nor in the 
rest of the samples that remained immersed, although adipocere is known to persist for long periods 
in the environment in enclosed spaces (Pokines and Higgs 2015). This observation could be useful to 
establish the relative time during which a raw bone is immersed, although in this study we have an 
insufficient number of samples to confirm this hypothesis.

On the external surface of the raw sample it was possible to observe exposed cancellous bone 
due to the battering of sand and other sediments. The bones were bleached and their margins were 
possibly rounded. 

Final sampling. July 20th, 2015

Four samples of tibia were collected 12 months after the initial immersion, two raw bones and two 
boiled samples (Figure 4). All of these materials displayed adhesions of sediments and organisms: algae 
filaments, serpulids, molluscs. The bones were bleached, taking the appearance of a carbonate, and the 
partial rounding of the margins was noted. At this moment it is very difficult to distinguish boiled bones 
from raw samples.

Inferences from the Delta Project bone assemblages

During the Delta Project, archaeologists excavated two shipwrecks in the Bay of Cádiz. The faunal 
assemblage was composed by seven species. Although the biostratinomic and diagenetic processes 
affect bones with different size and density in different ways (Lyman 1994; Yravedra 2006; García-
Viñas and Bernáldez 2018), in this study 80% of the NISP belonged to ungulates. For this reason the 
experimental biostratinomic results obtained from cattle bones may be used as a reference for the 
interpretation of the bone assemblages of the Delta Project.

In the historical bone assemblage of Delta I (17th century), composed by 22 NISP,  60% of NISP 
displayed cut marks and 18% fouling (Table 1). This fouling was produced by bryozoans, ostreids, balanus, 
vermetids/serpulids and algae. In Delta II (16th century) there were 100 NISP, 36% of which displayed 
butchery marks and 14% fouling produced by the same organisms observed in Delta I (Table 2). According 
to our experimental results, this kind of fouling could have been produced in less than two months, and 
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Figure 4 - Samples collected after ten (A-D) and twelve months (E-H) in marine water. A-B, E-F. Boiled bone; C-D, G-H. 
Raw bone. After 10 months under water, both boiled and raw samples were colonized by invertebrates, although this 
colonization is higher in the boiled bone (A-B). After twelve months, it is no longer possible to distinguish boiled and 
raw samples based on fouling. Although the internal face was better preserved from the water movements, fouling 

is observed on both faces.
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we therefore suggest that the fouling observed on the historical bones probably took place during the 
archaeological excavation. In addition, the small size of the fouling indicates the recent formation of 
these colonisations. Fouling characteristics cannot, therefore, be used to determine the origin of these 
archaeological bone assemblages.

It is interesting to note that 8 bones from the Delta Project excavations showed dark stains, 
although the majority of the NISP were dark coloured. These stains and dark coloration may have been 
produced by different factors (Yravedra 2006), but in the experimental biostratinomic study no staining 
was observed, despite the presence of metals and other material in the same location as the submerged 
samples. The microscopic analysis with SEM-EDX of some of the historical bones showed that these 
stains were produced by inlays of silt and clays during the diagenesis. Attending to the absence of 
ancient fouling and the presence of this kind of inlays, it was probably that the archaeological bones 
were rapidly buried in sediment. In addition, the historical bones from the Delta Project showed a good 
state of preservation. Evidence of erosion was identified on only 10 bones, while other organic materials 
such as leather, fibres, wood, etc. were also well preserved at these shipwrecks (Bernáldez et al. 2014a). 
In contrast, in the experimental biostratinomic study it is possible to detect partial rounding of the 
margins of the bone samples, even though the samples were fixed and impossible to roll. This difference 
between the historical and experimental bones supports the idea of a rapid burial of the archaeological 
materials. The conditions of preservation could be related to the sediment, since the conservation of 
bones is good, generally, in marshy environments without oxygen (Yravedra 2006).

Figure 5 - The preservation of raw bones was worse than that of boiled samples after three (A. Raw bone, B. Boiled 
bone) and six months under water (C. Raw bone, D. Boiled bone).
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Finally, we detected some mineralization of pyrite and barite in the SEM-EDX analysis of the 
historical bones. During the fossilization process in marine environments pyrite is commonly generated 
in the pores and fissures of the bones (Pfretzschner 2004; Raiswell et al. 1993; Sawlowicz and Kaye 
2006). This kind of mineral was also identified in the bones of the 18th century Fougueux shipwreck 
located in the Bay of Cádiz (Bernáldez-Sánchez et al. 2014b). Moreover, pyrite was identified in some 
samples of the experimental biostratinomic analysis, but at present there is insufficient data in order 
to calculate the speed or conditions of formation. Another aspect analysed by SEM is the microscopic 
structure of the bone samples. The analysis of the trial samples is currently ongoing, but our first results 
indicate a higher erosion of raw samples after three and six months submerged (Figure 5). The evolution 
of this trend in samples submerged for a period of one year is currently under study.

Conclusions

Despite the limitations of the experimental biostratinomic analysis, due to the small number of samples 
and the reduced time of sampling, we have nonetheless obtained results that may contribute insights 
to the interpretation of the historical shipwreck bone assemblages. 

We found differences in the erosion of raw and boiled bones, almost from the outset of the 
biostratinomic process. The bioerosion of bones with soft tissue is slower than that of boiled samples, 
perhaps because the soft tissue protects the bone during the first six months. There was a little fouling 
in the first three months of immersion and it is possible to observe adipocere in raw samples for as long 
as six months. At this time it is still possible distinguish raw from boiled bone. However, after 10 months 
submerged this is no longer possible due to the absence of adipocere in raw bones and the similarities in 
fouling between the two samples. 

The biostratinomic results confirmed that the fouling observed in the historical Delta Project 
bones may in fact have been the result of a recent colonization. In addition, the absence of ancient 
fouling and the preservation of the margins of the shipwreck bones support the hypothesis of a quick 
burial in a muddy sediment. The microscopic analysis with SEM-EDX enabled us to link staining to the 
incorporation of mud into the bone structure. Further microscopic and chemical analysis is currently 
in progress. The first results from the experimental samples show that raw bones display worse 
preservation than boiled samples after three and six months under water. We have also confirmed the 
presence of pyrite in some samples, a common mineral in bones fossilized in underwater environments, 
also present in the historical Delta Project bones.

 Finally, we may note, as mentioned above, that this biostratinomic analysis is not yet concluded 
and the sampling is limited, particularly with regards to the exposure time of the bones. The results 
presented here should be taken only as trends, since the fossilization process of the bones takes 
much longer than the duration of this experiment. However, it is known that both biostratinomic and 
diagenetic processes present great differences depending on the environmental conditions, and we did 
not want to miss the opportunity to carry out an experimental trial, albeit of small scale, at the same 
site from which we have previously studied the historical bone assemblages of the Delta Project in 
collaboration with the ARQUEOMONITOR team.
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